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DESCRIPTION 
MMP INHIBITOR 
Technical Field 

The present invention relates to new compounds and pharmaceutically 
acceptable salts thereof. 

More particularly, it relates to new compounds and pharmaceutically 
acceptable salts thereof which are useful as inhibitors of matrix 
metalloproteinases (hereinafter to be refenned to as MMF) or the production of 
tumor necrosis £actor a (hereinaftertobereferred to asTNFa), to 
pharmaceutical compositions comprising the same, to use of the same as 
medicaments, and to methods for using the same ther^>eutical]^ in the treatment 
and/or the prevention of MMP- or TNF a -noediated diseases. 

Background Art 

Some piperezane compovmds to be useful as metalloproteinase inhibitors, or 
the like are known (WO 97/20824, etc.). 

Disclosure of the Invention 

One object of the present invention is to provide new and useftil compounds 
and pharmaceutically acceptable salts thereof, and to provide a process for 
preparing said new compoimd and salts thereof, which have pharmacological 
activities such as MMP- or TNF a -inhibitory activity and the like. 

Another object of the present invention is to provide a pharmaceutical 
composition comprising, as an active ingredient, said compoimd or a 
pharmaceutically acceptable salt thereof 

A further object of the present invention is to provide use of said compovmds 
and pharmaceutically acceptable salts thereof as medicaments for prophylactic 
and therapeutic treatment of MMP- or TNF a -mediated diseases. 

A still further object of the present invention is to provide a method for using 
the same for the treatment and/or tiie prevention of MMP- or TNF a-mediated 
diseases in mammals, especially hiunana 

The compounds of the present invention have inhibitoiy activity on MMP or 
the production of TNF a , and are useful for the treatment and/or prevention of 
diseases such as stroke, arthritis, cancer, tissue ulceration, decubitus ulcer, 
restenosis, periodontal disease, epidemiol/sis bullosa, sderitis, psoriasis and 
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Other diseases characterized by matrix metalloproteiiiase activity, as well as ADDS, 
sepsis, septic shock and other diseases caused by the production of TNFa , 

There are a number of structurally related metalloproteases which eCFect the 
breakdown of structural proteins. Matrix-degrading metallo- proteases, such as 
gelatinase (MMP-2, MMP-9), stromelysin {MMP-3) and collagenase (MMP-1, 
MMP-8, MMP-13), are involved in tissue matrix degradation and have been 
implicated in many pathological conditions involving abnormal connective tissue 
and basement membrane matrix metabolism, such as arthritis (e.g., osbeoarfhritis 
and rheiunatoid arthritis), cerebral disease (e.g., stroke, etc.), tissue ulceration (e.g., 
corneal, ^idennal and gastric ulcerations), abnormal woiind healing, periodontal 
disease, bone disease (e.g., Pagets disease and osteoporosis), tumor metastasis or 
invasion and HXV-infection. 

A tumor necrosis factor is recognized to be involved in many infections and 
autcrirmnune diseases. Furthermore, it has been shown that TNF is the prime 
mediator of the inflammatoiy response seen in sepsis and septic shock. 

The object compounds of the present invention are novel and can be 
represented by the following formula (I): 

X Y 

wherein 

is halogen, nitro, lower alkoxy, optionally substituted aiyloxy, aiylthio, 
aroyl, heterocyclic-oxy, optionally substituted aiyl or optionally substituted 
heterocyclic group; 
I^* is hydrogen or halogen; 

is hydrogen or lower alkjd; 
and are independently hydrogen, lower alkyl, or lower cycloalkyl, or and R^ 
are combined together to form lower alkylene, which is optionally interrupted by 
oxygen, sulfur, sulfinyl, sulfonjd or optionally mono-substituted nitrogen; 

2 



R^ 



N Z-CONH-R^ (I) 
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is hydroxy or protected hydnwqr, 
X is aiyl or heterocyclic group; 

Y is carbonyl or sulfonyl; and 

Z is lower alkylene; 

and a pharmaceutically acceptable salt thereof. 

Hie object compounds of the present invention can be prepared by the 
following processes. 



Process 1 



r7 



(CH2)m JCH2)n 
X Y N-'^^z-CONH-R® ^ 



R2 R3 



(H) 



H 

(CH2)m (CH2)„ 
R^ X Y N Z-CONH-R® 



r2 r3 0-2) 
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Process 2 



H2N-R* 



X Y N Z-COOH 



(II) 



R 



4 r5 



X Y N Z-CONH-R^ (I) 



Process 3 



X 

HN Z-CONH-R* 



R^-X-Y-L 



(in) 



X 



N Z-CONH-R^ (I) 
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Process 4 



H 

(CH2)m (CH2)„ 
N Z-CONH-R® 



R^-L or 



lower alkyi isocyanate 



(1-2) 



N 



(CH2)„ (CH2)n 
Y N ^^^Z-CONH-R^ 



(1-1) 



Process 5 



X Y 



R^ 

X 



H2N-0H 



N 



Z-R" 
(IV) 



,8 
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y N Z-CONHOH 



Process 6 



R' 
N 



I 



Z-CONH-R 



61 



r4 R5 



X 

N Z-CONHOH 



(h3) 



In the above formulas (I-l), (1-2), (1-3), (1-4). (H), (m) and (IV). R', R^ R^ R", R^, 
R^, X, Y and Z are as defined above, R^^ is protected hydroxy, R^ is imino-piotective 
group, R® is protected carboxy, L is a leaving group, m and n are independently an 
integer of 1 to 5, provided that 2^m+n^6. 

The starting compounds (II), (HI) and (IV) can be prepared according to the 
following Preparations or by a conventional method. 

Suitable pharmaceutically acceptable salts of the object compoimds may be 

6 
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conventional non-toxic salts and indude an add addition salt such as an organic 
add salt (e.g., acetate, trifluoroacetatB, maleate, tartrate, fiunarate, 
methanesulfonatE, benzenesulfonate. formate, teduenesulfonaite, etc.). an 
inorganic add salt (e.g., hydroddoride, hydrobromide. hydroiodide. sulfiate, nitrate, 
phosphate, etc), or a salt vnOi a base such as an amino add (e.g., arglnine, 
aspartic add, ^utamic add. etc.), an alkafi metal salt (e.g.. sodium salt, potassium 
salt, etc.), an alkaline earth metal salt (e.&, caldum salt, magnesium salt, etc), an 
ammonium salt, an organic base salt (e.g., trimethylamine salt, triethylamine salt, 
pyridine salt, picrfine salt, dicydohe^lamine salt, N,N'-diben2yl-ethylenediamine 

salt, etc), or the like. 

The object compounds and pharmaceutically acceptable salts thereof m^ 
include solvates such as enclosure compounds (eg., hydrate, etc.). 

Suitable examples and illustrations of the various definitions, wMch the 
present inventkm indudes within its scope and which are shown in the above and 
subsequent descriptians of the present specification, are as follows. 

Suitable "aryl" in the term "aiyl", "optionally substituted aryl". "optionally 
substituted aiyW and "arj^hio" indudes an aiyl having 6 to 10 carbon atoms, 
such as phenyl, tofyl. ^lyl. cumenyl, medtyl, n^hthyl and the like, preferably 
phenyl and naphthyl for R\ and phenyl for X. Examples of the substituents for 
substituted aryl are halogen, cyano, nitro, amino, acylamino, lower allqrlaniino, 
carbamoyl, hydroxy, tower alko>Qr, Q-Cio arylo^Qr, lower allgd. Q-Cio aiyl, 
heterocydic-ojqr and the like, preferably heterocydic-mgr (e.g., pyiidyloscy, etc). 
Examples of the substituents for substituted aiyloxy are the same as ones defined 
above with regsrd to "substituted aryl", preferably halogen, tower allqd and cyano. 

Suitable "heterocydic group" in the tenn •'heterocydic group", "optionally 
substituted heterocydic group" and "heterocydic-ojQr group" means saturated or 
unsaturated, 3- to 8-membered monocyclic or potycydic heterocyclic ffoap 
containing at least one hetero atom such as axygpa atom, sulfur atom, nitaxigen 
atom and the bke. 

Preferable heterocyclic groups are: 

-unsaturated 3- to 8-membered, preferabty 5- or 6-membered, 
heteromonocyclic group containing 1 to 4 nitirogpn atoms, for example, pynx)^, 
pynwlinjd. imidazotyl, pyrazolyl, pyridyl and its N-oxide. pyrimidyl, pyrazinyl, 

7 



wo 00/63165 PCT/JPOO/02508 



pyridazinyl, tria2»lyl (e.g., 4H-l,2.4-triazotyl, 

lH-l,2,3-tiiazofyl. 2H-l,2,3-triazolyl, etc.), tBtrazoljd (e.g., IH-tetrazotyl, 2H- 
tetrazolyl, etc.), dihydrotriazdnyl (e.g., 4,5-dihydro-l,2,4-tria2inyl, 2,5-dihydro- 
1,2,4-triazinyl, etc.), and the like; 

-saturated 3- to 8-membered, prefisrabty 5- or 6-inembered, 
heteromonocyclic group containing 1 to 4 nitio^n atoms, for example, azetidinji, 
pyrrolidinyl, imidazolidinjd, piperidinyU piperidino, pyrazolidinjd, piperazinyl, and 
theUke; 

-unsaturated condensed, preferably bicydic, 7- to 13-membered, preferably 
9- or 10-membered, heterocyclic group containing 1 to 5 nitrogen atoms, for 
example, indoiyl, isoindoljd, indQli2an3d, benzimidazDlyl, quinolyl, iso-quinolyl, 
indazoljd, benzotriazotyl, tetrazolopyiidjd, tetrazolopyridazdnjd (e.g., tetrazoloIl,5- 
b]pyridazinyl, etc.),.dihydrotriazolopyridazinyl, and the like; 

-unsaturated 3- to 8-membered, preferably 5- or 6-menibered, 
heteromonocydic group containing 1 or 2 oxygpn atoms and 1 to 3 nitrogen atoms, 
for example, oxazoljd, isoxazolyl, oxadiazolji (e.g., 1,2,4-Qxadiazolyl, 1,3,4- 
oxadiazolyl, 1 ,2,5-oxadiazolyl, etc.), and ttie like; 

-saturated 3- to 8-mraibered, preferably 5- or 6-membered, 
heteromonocyclic group containing 1 or 2 oxygen atoms and 1 to 3 nitrogen atoms, 
for example, morpholinyl, morpholino, and the like; 

-imsaturated condensed, preferably bicyclic, 7- to 13-membered, preferably 
9- or 10-membered, heterocyclic group containing 1 or 2 oxygen atoms and 1 to 3 
nitrogen atoms, for example, benzoxazolyl, benzoxadiazolyi, and the like; 

-unsaturated 3- to 8-membered, preferably 5- or 6-membered, 
heteromonocyclic group containing 1 or 2 sulfur atoms and 1 to 3 nitrogen atoms, 
for example, thiazolyl, 1,2-thiazolyl, thiazolinyl,thiadiazolyl(e.g., l,2,4-thiadia2olyl, 
1,3,4-thiadiazolyl, 1,2,5-thiadiazotyl, l,2,3-thiadiazol3d, etc.), and the like; 

-saturated 3- to 8-menibered, prefisrably 5- or 6-membered, 
heteromonocydic group containing 1 or 2 sulfur atoms and 1 to 3 nitrogen atoms, 
for example, thiazolidinyl, and the like; 

-imsaturated 3- to 8-membered, preferably 5- or 6-membered, 
heteromonocyclic group containing 1 or 2 sulfur atoms, for example, thienyl, and 
the like; 

8 
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-unsaturated 3- to 8-membered, preferably 5- or 6-meiiibered, 
heteromonocydic group containing 1 or 2 oxygen atoms, for exaixq>le, fuiji, and 
the like; 

-saturated 3- to S-membered, preferably 5- or 6-zneinbeml, 
heteromonocydic group containing ca^gpn atran, for example, andanjd, and the 
like; 

-unsaturated condensed, preferably bicydic, 7- to 13-membered, prefisrabfy 
9- or 10-membered, heterocydic group containing 1 or 2 sulfur atoms and 1 to 3 
nitrogien atoms, example, benzothiazofyl, berizothiadiazo^, aiM the like; 

-unsaturated condensed 7- to 13-membered, preferably 9- or 10-membered, 
heterocydic group containii^ 1 or 2 oosygpn atoms, for example, 
benzodihydrofuranyl, benzodioxQlenj^ and the like. 

More preferable heterocydic groups may be unsaturated 5- or 6-membered 
heteromanocydic group containing 1 to 4 nitrogpn atoms ( e.g. pyridyl, etc.), 
unsaturated S- or 6-membered heteromonocyclic group containing 1 or 2 sulfur 
atoms (e.g., thienjd, etc.), unsaturated 5- or 6-membered heteromonocydic group 
containing 1 or 2 oxygen atoms (e.g., fuiyi, etc.), and the most preferable examples 
arc pyridylojcy for and pyridjd, thienjd and furyl for X. 

These heterocydic groups may have one or more substituents. Examples of 
the substituents for substituted heterocydic group are the same as those for 
optionally substituted aiyl or optionally substituted aiyloxy. 

Suitable "aroyl" may indude Q-Cio arojd (e.g., benzoyl, toluqj^, xyloyl, etc.), 
preferably benzoyl for R'. 

Suitable 'lower alkyl" is a straight or branched alkyl having 1 to 6 carbon 
atoms, and exemplified by methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert- 
butyl, pentyl, hegd and the like, preferably methyl for R\ and methyl and ethyl for 
r:* and/or I^. 

Suitable lower alkmqr is astraight or brandied alkenyl having 1 to 6 carbon 
atoms, and exenqilified by metho^gr, ethoogr, propoxy, isoprqpojgr, buteugr, 
isobuto}^, tert-butoxy, pentyW, tert-pentyloxy, hexykixy and the like, preferably 
methQ^fiarRV 

Suitable "protected hydrojcy" indudes hydn»y protected by a conventional 
protective ^up, for example, tetrahydropyranyloxy, substituted kwer alkojcy 

9 
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such as lower aIkaxy(Iower)aIkoxy (e.g. , methoxymethoxy), lower 
alko>qr(lower)alko3q^(lower)alkoxy (e.g., methoxyethoxymethoxy) and substituted or 
unsubstLtuted C^-C^o aryl(lower)alkoxy (e.g., beirzyiaxy, nitrobenzylojgr); acykcqr 
such as lower alkanojdojy (e.g., acetoxy, propionyloxy, pivaloyloxy), C^-C^o 
aroyloxy {e.g., benzojdoxy, fluorenecarbonyloxy), lower alkoTQrcarbonylaxy (e.g., 
methojgrcarbonjdoxy, ethojgrcarbonyloxy, propaxycarfoonyloTQr, 
isopropoxycarbonyloxy, butoycarbonyioxjr, isobutOTQ^carboiijdoQgr, tert- 
butoxycarbonyloQgr, pentyioj^carbonyloxy, he?Qd03Q^carbonylo^], substituted or 
unsubstLtuted Cg-Cio arylCloweiialkaxycarbohjdojcy (e.g., benzyioxycarbanjdaxy, 
brx»noben2yloxycarbonylo3cy), Ce-Cio arenesulfonjdoxy (e.g., benzenesulfonylosy, 
tosylojQ^ and alkanesulfonyioxy (e.g., methanesulfonylaxy, ethanesulfonjdoxs^; 
tii(lower)a]IgrlsilylQxy (e.g., trimethylsttyloxy); tetrahydropyranyloxy; and the like, 
preferably, tetrahydropyran;^a3Qr and Q-Cio aiyl(lower)alk0xy, and most 



The term 'lower" is intended to mean 1 to 6 carbon atoms, preferably 1 to 4 
carbon atoms, unless otherwise indicated. 

Sxiitable 'lialogen" includes fluorine, bromine, chlorine and iodine. 

Suitable lower cydoalkyl" is a cydoalkyl having 3 to 7 carbon atoms, and 
exemplified by cyclopropyl, cyclobutyl, cydopentyl and cydohe^qrl, preferably 
cydohexyl for K* and/ or 

Suitable 'lower allcydene" is exemplified by methylene, ethylene, tri-methylene, 
tetra-methylene, penta-methylene and hexa-methylene, preferably, tri-methylene. 
tetra-methylene and penta-methylene for R"* and R^, methylene and 
methylmethylene for Z. 

Suitable substituent of "optionally mono-substituted nitrogen" is exemplified 
by Cfi-Cio ar(lower)alkoxycarbonyl, lower alkylsulfonyl, Cg-Cio arjdsulfonyl, C^'C^o 
aiuyl, mono- or di(lower)alkylcarbamoyl, lower cydoallQdcarbonyl, and tiie like. 



preferably 
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Suitable is exemplified as follows. 

X 




Smtable acyl moiety of "acylamino" includes acrj^ such as aliphatic acjd, 
aromatic acyl, heterocyclic acyl and aliphatic acyl substituted by aromatic or 
heterocydic group(s) derived from carbcxylic. carbonic, sulfonic and carbamic 
adds. 

The aliphatic aqd includes saturated or unsaturated, acyclic or cyclic ones, 
for example, aDcanoyl sudx as lower alkanojd (e.g. , &xcmyi, acetyl, propionyl, butj^l, 
isobutylyl, valeryi. isovaleryl, pivalqyl, hexanpyl, etc.), aUcylsulfonyl such as kwer 

11 
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alkylsulfonyl (e.g., mesyl, ethylsulfonyl, propylsulfonyl, isoprop3ds\ilfonyl, 
butylsulfonyl, isobutylsulfonjd, pentylsulfonyl, hexylsvOfonyl, etc.). carbamoyl, N- 
alkylcarbamojd (e.g., methylcarbamoyl, ethylcarbamoyl, etc.), alkoxycarbonyl such 
as lower alkoxycarbonyl (e.g., iiiethaxycarbon}^, ethoxycarbonyi, propoxycarbon}^, 
butoxycarbonyl, tert-butoxycarbonyl, etc.), aDcenylojqncarbonjd such as k>wer 
alkenyloxycarbonyi (e.g., vinyloxycarbonyl, alljdoxycarbonyl, etc.), alfcenojd such 
as lower alkenojd (e.g., aciylpyi, methacrylojd, crotonqjd, etc.), cydoalkanecartxmyl 
such as cyclo(lower)alkanecarbonyl (e.g., cydopropanecarbanyl, 
cydopentanecarbonyi, cydohexanecarboriyl, etc.), and the like. 

The aromatic acyl may include Cg-Cio sroyL (e.g., benzoyl, toluoyl, xylojd, etc.), 
N-(C6-Cio)aiylcarbamo34 (e.g., N-phen3dcarbampyl, N-tolylcarbamoyl, N- 
naphthylcarbamqyl, etc.), Cg-Cio arenesulfonjd (e.g., benzenesulftmyl, tosyl, etc.), 
and the like. 

The heterocydic acyl may include heterocydic-carbonyl (e.g., furoyl, thenoyl, 
nicotinoyl, isonicotinoyl, ttiiazoljdcarbonyl, thiadiazotylcarbonyl, tetrazolylcarbonyl, 
etc.), and the like. 

The aKphatic acjd substituted by aromatic group(s) may indude aralkanpyl 
such asphenyl(lower)alkanpyl (e.g., phenylacetyl, phenylpropionyi, 
phenylhexanoyi, etc.), aralkoxycarbonji such asphenyl(lower)aIkoxycarbonyl (e.g., 
benzykxjcycarbonyl, phenetiiylo3cycarbonyl, etc.), aiyloxyalkanoyl such as 
pheno>Qr(lower)alkanqyl (e.g., phenoxyacetyl, pheno^g^ropionyl, etc.), and the like. 

The aliphatic acyl substituted by heterocydc group(s) may indude 
heterocydic-alkanoyl such as heterocydic-(lower)alkanoyl (e.g., thienylacetyl, 
imidazolylacetyl, fiiijiacetyl, tetrazolylacetyl. thiadiazolylpropionyi, etc.), and the 
like. 

Suitable lower alkyl moiety of "lower alkylamino" is the same as lower alkyl 
defined above. 

Suitable compoimds having the formula (I) are: 
compound (I) ixdierein 

is halogen, nitro, lower alkoxy, Cg-Cio aiylojqr optionally substituted by at 
least one group selected firom the group consisting of halogen, cyano, mtro, amino, 
acyiamin, lower alkjdamino, carbamoyl, hydrojqr, lower alkoxy, C^-C^o aijdoxy, 
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lower alkyl, Ce-Cio aiyl and heterocydic-oogr, Ce-Cio aiyithio, Cg-Cio arayl, 
heterocyclic-ajgr, C6-C,o ^ optionally substituted by at least one group selected 
from the group consisting of halogen, cyano, nitro, amino, acyiamino, lower 
alkylamino, carbamoyl, hydroxy, lower aUooxy, Cg-Cio aiylaxy, lower alkyl, Cg-Cio 
aiyl and heterocydic-ojQr, or heterocyclic group optionally substituted by at least 
one group selected from the group consisting of halogen, cyano, m\ro, amino, 
acyiamino, lower alkylamino, carbamoyl, hydroaqr, lower alkoscy, Q-Cio aiyiojcy, 
lower allgrl, Ce-Cio aryl and heterocydic-oogr; 

R* and are independentty hydrogen, lower alM, or lower cydosUga, or R* and ^ 
are combined together to form lower allq^tene, 'wtadti is optionalty interrupted by 
oxygen, sulfur, sulfinyl, sulfonjd or imizio, ^xdierein the imino is optionally mono- 
substituted by a group of Ce-Cw ar(kwei)ananiycarbonyl, lower aBqdsulfonyl, Cg- 
Cjo aiylsulfimjd, Qs-Cio aroyi. mono(loweiOaIk^caibamoyl, diOowolalkylcarbainpjd 
or lower cydoaDqicarbonyl; 

R'* is hydn»y, tetrahydropyran^oogr or Cg-Cm aryl(lowei)alkDX}r, and 
X is Ce-Cio aiyl or heterocyclic group, 
said heterocyclic group being 

unsaturated 3- to S-membered. heteramonocydic group containing 1 to 4 nitrogpn 
atoms, 

saturated 3- to S-membered, hetenwnonocydic group containing 1 to 4 nitrogen 
atoms, 

unsaturated Wcydic 7- to 13-membered, heteroqrdic group containing 1 to 5 
nitrogen atoms, 

imsaturabed 3- to 8-membered, heteromonocyclic group containing 1 or 2 oxygen 
atoms and 1 to 3 nitro^n atoms, 

saturated 3- to 8-membered, heteromonocydic group containing 1 or 2 oxj^en 
atoms and 1 to 3 nitrogen atoms, 

unsaturated bicydic 7- to 13-membered, heterbcydic group containing 1 to 2 
oxygen atoms and 1 to 3 nitrogen atoms, 

unsaturated 3- to 8-membered, heteromonocyclic group containing 1 or 2 sulfur 
atoms and 1 to 3 nitrogen atoms, 

saturated 3- to 8-membered, heteromonocydic group containing 1 or 2 sulfiir 
atoms and 1 to 3 nitrogen atoms, 
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unsaturated 3- to 8-membered, heteromonocyclic group containing 1 or 2 sulfur 
atoms, 

unsaturated 3- to S-membered, heteromonocyclic group containing 1 or 2 axygps^ 
atoms, 

saturated 3- to 8-membered, heteromonocydic group containing oasygpn atom, 
unsaturated Wcydic 7- to 13-membered, heteroQrdic group containing 1 or 2 
sulfur atoms and 1 to 3 nitrogen atoms, or 

unsaturated bicydic 7- to 13-membered, heterocydic group containing 1 or 2 
oxygen atoms, 
compovuid (I) wlierein 

is halogpn; nitro; lower alkaxy; Cc-Cm atytajgr qptionally substituted by at least 
one ^up sdected from the group consisting of hah^en, cyano, nitro, amino, 
acjdamino, lower allg^lamino, carbanw^, hydroxy, lower alkDxy, Cg-Cio aijtoqr, 
lower aikyi, C^-Cm axyl and heterotydic-onqr, said heterocydic group being 
imsaturated 5- or 6-membered, heteromonocydic group containing 1 to 4 
nitrogen atoms; Q-Cio ai^dthio; Q-Cio arpyl; heterocydic-ajqr, said heterocyclic 
group being unsaturated 5- or 6-membered, heteromonocydic group containing 1 
to 4 nitrogen atoms; Cg-Cio aryl optionally substituted by at least one group 
sdected from die group ctaisisting of halogen, cyano, nitro, amino, acylamino, 
lower alkylamino, carbamoyl, hydro5Q^, lower aSkas<y, Q-Cio aiylojcy, lower alkyl, 
Qs-Cio aiyl and heterocydic-asy, said heterocydic group being unsaturated 5- or 
6-membered, heteromonocydic group containing 1 to 4 nitrogen atoms; or 
heterocydic group, said heterocyclic group being unsaturated 5- or 6-membCTed, 
heteromonocydic group containing 1 to 4 nitirogpn atoms, whidi is also optionalty 
substituted by at least one group selected from the group consisting of halogen, 
cyano, nitro, amino, acj4amino, lower alkylamino, carbamoyl, hydrojcy, lower 
alkoxy, C^-C,o aiyloxy, lower alkyl, Cg-Cio aiyl and heterocydic-o:gr, said 
heterocydic group being unsaturated 5- or 6-membered, heteromonocydu: group 
containing 1 to 4 nitrogen atoms; 

R* and arc independently hydrogen, lower alkyl. or lower qydoallgd. or R* and R= 
are combined together to form lower aflcyiene, ^di is optionally interrupted by 
oxygea, sulfur, sulfinyl, sulfoityl, imino, C6-C,o ar(lower)alkajQrcarbonylimino, 
lower attcylsulfonjdimino, Cg-Cio arylsulfonjtoaino, Co-Cm aroylimino, 
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mono(lower)allQ^lcarbamoyliiiiino, di(lower)alkylcarbamoylimino or lower 

cycloalkylcarbonyiiiriino, and 

X is Cfi-Cio aryl or heterocyclic group, 

said heterocyclic group being 

unsaturated 5- or 6-xnembered, heteromonocyclic group containing 1 to 4 
nitrogm atoms, luisaturated 5- or 6-membered, heteromonocyclic group 
containixig 1 or 2 sulfur atoms, or unsaturated 5- or 6-membered, 
heteromonocyclic group containing 1 or 2 oxygen atoms, 
compoimd (I) vfeerein 

is halo^n; nitro; lower alkoxy; phenoxy or n^hthyloxy, each of wfaidi is 
optionally substituted by at least one group selected firom the group consistir^ of 
halogen, cyano and lower allgd; phenjdthio; benzoljr, pyiidyiojgr; phenjd optionally 
substituted by halogen; or pyridyl, 

R* and are independently hydros, lower alkyl, or lower cydoalkyl, or It and 
are combined tt^ether to form lower alkyiene, -which is optionally interrupted by 
oxygpn, sulfur, sulfinyl, sulfonyl, imino, phenyi(Iower)a]koxycarbonyiimino, lower 
allQdsulfonjdimino, phenylsulfonjtonino, benzoylimino, 
mono(lower)alkyicarbamqylimino, di(lower)aIkylcarbamoyiimino or lower 
cydoalkylcarbonylimino, 

is hydroxy, tetrahydropyran3doxy or phenyl(lower)aIkoxy, and 
X is phenyl, pyridyl, thienyi or fiiiyl and 
compound (I) wherein 

E} is halo^n; nitro; lower alkoxy; phenojcy, naphthyloxy, halophenosq^, 
cyanophenoxy, lower allqdphenoxy, phenylthio; benzoyl; pyiidyloxy; halophenyl; 
or pyridyl; 

R^ and R^ are combined together to farm a group of the fomiula selected from the 
group consisting of the following formulas: 
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R*^ is hydroxy, and 

X is a group selected from the group consisting of 




The processes for preparing the object compounds are explained in detail in 
the following. 
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Process 1 

Tlie compound (1-2) or a salt thereof can be prepared by hydrolysis or 
reduction of the compound (1-1) or a salt thereof. 

Suitable method of this duxunation reaction includes conventional ones such 
as hydrotysis, reduction and the like. 

The hydrolysis is preferably carried out in the presence of a base or an acid 
including Lewis acid. 

Suitable base includes an inorganic base and an organic base such as an 
alkali metal (e.g., sodiimi, potassium, etc.), an alkaline earth metal (e.g., 
magnesium, caldum, etc.), the hydroxide or carbonate or hydrogpncarbonate 
tbereof, triallq^ianiine (e.g., trimethyiamine, tiiethylamine, etc.), piccdine, 1,5- 
diazfi4iicyclo[4.3.0]non-5-one, and the like. 

Suitable add indudes an organic add (e.g. , formic add, acetic 
add, propionic add, trichloroacetic add, trifluoroacetic add, etc,) , 
and an inorganic add (e.g., hydroddoric add, hydrobromic add, sulfuric add, 
hydrogen diloride, hydrogen bromide, etc.). 

The dimination using Lewis add sudi as trihaloacetic add 
(e.g., trichloroacetic add, trifluoroacetic add, etc.) and the like is preferably carried 
out in the presence of cation trapping agent 

(e.g., anisole, phenol, etc.). This reaction is usually carried out wittiout solvent 

Alternatively, the reaction may be carried out in a conventional solvent such 
as water, ak:ohol (e.g., methanol, ettianol, isopropyl alcohol, etc.), tetrahydrofuran, 
dioxane, toluene, methylene chloride, etiiylene dichloride, chloroform, N.N- 
dimethjdformamide and N,N-dimethylacetamide, a mixture thereof, or any other 
organic solvents vMch do not adversely aflfect the reaction. 

The reaction temperature is not critical and the reaction is usually carried out 
under cooling to warming. 

The reduction is carried out in a conventional m anner, induding chemical 
reduction and catalytic reduction. 

Suitable reducing reagents to be used in chemical reduction are a hydride 
(e.g., hydrogen iodide, hydrogen sulfide, Uthium aluminvim hydride, sodiima 
borohydride, sodium cyanoboiohydride, etc.), or a combination of ametal (e.g., tin, 
zinc, iron, etc.) or a metallic compound (e.g., chromium chloride, diromium 
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acetate, etc.) and an organic add or an inorganic add (e.g.. formic add, acetic add. 
propioiiic add. trifluoioacetic add, p-toluenesulfonic arid, hydrochloric add, 

hydrobromic add, etc.). 

Suitable catalyst to be used in catatytic reductionis conventional one such as 
platinum catalyst (e.g.. platinum plate, spongy platinum, platinum blade, colloidal 
platinum, platinum oxide, platinum wire, etc.). paDadium catatyst (e.g.. spongy 
palladium, palladimn Wack. palladium oxide, pdladium on caib^ 
palladium, palladium on barium suMate. palladium on barium carbonate, etc.). 
nidcd catalyst(e.g., reduced nickel, nidcd oxide, Kaney nidcel, etc.). cobalt catalyst 

(e.g., reduced cobalt, Raney cobalt, etc.), iron catalyst (e.g., reduced iron. Raney 
iron, Ullman iron, etc), and the like. 

The reduction is usually carried out in a conventional solvent such as water. 

alcohol (e.g., methanol, ethanid. isopropyl alcohol, ete.). tetrabydrofuran, dioxane. 

tsbluene, niethjtoie diloride, ettijdene dichloride. chloroform, N.N- 

dimethylfonnamide,N.N-dimethylaoetamideandcydohexane. a mixture thereof, 

or any other organic solvents which do not adversely affert the reaction. 

When the above-mentioned adds to be used in chemical reduction are liquid, 
they can also be used as a solvent. 

The reaction temperature of this reduction is not critical and the reaction is 
usually carried out under cooUiig to warming. 
Process 2 

The compound (I) or a salt thereof can be prepared by reacting the compound 
(H) or its reactive derivative at the carbmqd group , or a salt thereof, with the 
compound: H^-R' or its reactive derivative at the amino group, or a salt thereof. 

Suitable salts of the compound (II) and the compound: H^N-R* may be the 
same as those exemplified for the compoimd (I). 

The reaction is usually carried out in a conventional solvent such as water, 
acetone, dioxane. acetonitrile, diloroBarm. methylene dJoride. ethylene diloride. 
tetiahydrofiiran. ethyl acetate, N.N-dimethyl-fatmamide. pyridine and 
didiloromethane. a mixtiore thereof, or any other organic solvents whidi do not 
adversely affect the reaction. 

This reaction can be carried out in the presence of an organic or inorganic 
base such as alkaU metal (e.g.. lithium, sodium, potassium, etc), alkaline earth 
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metal (e.g., calcium, etc.), alkali metal hydride (e.g.. sodium hydride, etc.). alkaline 
earth metal hydride (e.g., calcmm hydride, etc.), alkali metal hydroxide (e.g., 
sodiimi hydroxide, potassium hydroxide, etc.), alkali metal carbonate (e.g., sodium 
carbonate, potassium carbonate, etc.), alkali metal bicarbonate (e.g., sodium 
bicarbonate, potassium bicarbonate, etc.). alkali metal alkoxide (e.g., sodium 
methoodde, sodium ethoxide, potassiimi tert-butoxide, etc.), alkali metal alkanoic 
add (e.g., sodium acetate, etc.), triallqdamine (e.g., triettijdamine, etc.), pyridine 
compound (e.g., pyridine, lutidine, picoline, 4-dimethylaminopyridine, etc.), 
quinoline, Uthium diisopropylamide, and the lite. 

Suitable reactive derivative at the amino group of the compound: HgN-R^ may 
include Schiff s base type imino or its tautomeric enamine type isomer foraied by 
the reaction of the compound: HaN-R^ with a carijonyl compoimd such as 
aldehyde, ketone or the like; a silyl derivative formed by the reaction of the 
compound: HgN-R!^ witti a siljd compotmd such as bis(trimethylsilsd)acetamide, 
mono(trimethylsayl)acetaniide, bis(trimethylsifyl)urea or the like; a derivative 
fbraied by the reaction of the compound HaN-R* with phosphoms trichloride or 
phosgene, and the like. 

Suitable reactive derivative at the carboxy group of ttie compoimd (II) may 
include an acid halide, an add anhydride, an activated amide, an activated ester, 
and the like. Suitable examples of the reactive derivative may be an add chloride; 
an add azide; a mixed add aiihydride with add such as substituted pho^horic 
add (e.g., dialkydpho^horic add, phenylphosphoric add, diphenylphosphoric 
add, dibenzylphosphoric add, halogenated phosphoric add, etc.), 
dialkylphosphorous add, sulfurous add, thiosuliuric add, sulfuric add, sulfonic 
add (e.g., methanesulfonic add, etc.), aliphatic carbo^gdic add (e.g., acetic add, 
propionic add, butyric add, isobutyric add, iiivalic add, pentanoic add, 
isopentanoic add, 2-ethylbutyric add, tridiloroacetic add, etc.) or aromatic 
carboxylic add (e.g., benzoic add, etc.); a symmetrical add anhydride; an activated 
amide with imidazole, 4-substituted imidazole, dimethylpyrazole, triazole or 
tetrazole; or an activated ester (e.g., cyanomethyl ester, methoxymethyl ester, 
dimethyliminomethyl [(CH3)2rr =CH1 ester, vinyl ester, propaigyl ester, p- 
nitrophenyl ester, 2,4-dinitrophenyl ester, trichlorophenyl ester, 
pentachtorophenyl ester, mesy^henyl ester, phenyl azophenyl ester, phenyl 

19 



wo 00/63 1 65 PCT/JPOO/02508 



thioester, p-nitrophenyl thioester, p-cresyl thioester, carboxymethyl thioester, 
pyranyl ester, pyridyl ester, piperidyl ester, 8-qiiinolyl thioest3er, etc.), or an ester 
with a N-hydroxy compound (e.g., N,N-diiiiethylhydro3gdaniine, l-hydrQxy-2- 
(lH)pyridone, N-hydroJcyaucdniniide, N-hydroxyphthalimide, l-hydroxy-lH- 
benzotxiazole, etc.), and the like. These reactive derivatives can be optionaDy 
selected fix)m them according to the kind of tiie compound (II) to be used. 

The reaction is preferably carried out in the presence of a conventional 
condensing agent such as N, N'-dicydohexylcarbodiimide; N-cydohexyl-N*- 
moiphoJinoethjdcarbodiimide; N-cyclohe5Qrl-N-(4-di- ethylaminocydohejcyl)- 
carbodiimide; N,N'-diefhylcarbodiimide; N,N'-di- isoprqpylcarbodiimide; N-ethyl- 
rr-(3<limethylaminopropyl)-caibodiimide; N,N'-carbonyIbis-(2-methyliniidazole); 
pentamethyleneketene-N-cydohejcylimine; diphenylketene-N-cydohesg^limine; 
efhojg^acetylene; l-alkaxy-l-chloroethjdene; tiialkyl phosphite; eth3d 
polyphosphate; isopropyl polyphosphate; phosphorus a?cychloride (phosphoiyl 
chloride); phosphorus trichloride; diphenji phosphorylazide; thionyl chloride; 
oxaljd chloride; lower alkyl haloformate (e.g., ethyl chloroformate, isopropyl 
chloroformate); triphenylphosphine; 2-ethyl-7-hydrQxybenz- isoxazolium salt; 2- 
ethyl-5-(m-sulfophenyl)isoxazolium hydroxide intramolecular salt l-(p- 
chloroben2enesulfonylQxy)-6-chloro-lH- benzotriazole; l-hydroxybenzotriazole; or 
so-called Wsmeier reagent prepared by the reaction of N,N-dimethylforamide with 
thionyl chloride, pho^ene, trichloromethyl chloroformate, phosphoms 
OJQ^chloride or oxatyl chloride. 

The reaction temperature is not critical, and the reaction is usually carried 

out under cooling. 
Process 3 

The compound (I) or a salt thereof can be prepared by reacting the compound 
(III) or a salt thereof with the compoimd: R^-X(R!^-Y-L or a salt thereof 

Suitable salts of the compound (HI) and the compound: 
R^-X(R^-Y-L mscy be the same as those exemplified with respect to the compound 

The reaction is usually carried out in a conventic«ial solvent such as water, 
acetone, dioxane, acetonitrile, chloroform, methylene chloride, ethylene chloride, 
tetrahydrofuran, ethjd acetate, N,N-dimethyiformaniide, pyridine and 
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dichloromethane, a mixture thereof, or any other organic solvents which do not 
adversely affect the reaction. 

This reaction can be canied out in the presence of an oi^anic or inorganic 
base such as alkali metal (e.g., lithium, sodium, potassium, etc.), alkaline earth 
metal (e.g., calcium, etc.), alkali metal hydride (e.g., sodivim hydride, etc.), alkaline 
earth metal hydride (e.g., calcium hydride, etc.), alkali metal hydroxide (e.g., 
sodium hydroxide, potassium hydroxide, etc.) , alkali metal carbonate (e.g. , sodium 
carbonate, potassium carbonate, etc.), £dkali metal bicarbonate (e.g., sodium 
tricaibonate, potassium bicarbonate, etc.), alkali metal alkoxide (e.g., sodium 
methoxide, sodium ethoxide, potassium tert-butoxide, etc.), alkali metal alkanoic 
acid (e.g., sodium acetate, etc.), trialkylamine (e.g., triethyiamine, etc.), pyridine 
compound (e.g., pyridine, lutidine, picoline, 4-dimethylaminopyridine, etc.), 
quinoline, litHiiim diisopropylanude, and the like. 

The reaction temperature is not critical, and the reaction is usually carried 
out under cooling to heating. 
Process 4 

The compoimd (I- 1) or a salt thereof can be prepared by reacting the 
compound (1-2) or a salt thereof with the compound: R^-L or lower alkyl isocyanate 
such as t-but5i-N=C=0, or a salt thereof. 

Suitable salts of the compoimd: R^-Lmay be the same as liiose exemplified 
for the compovmd (I). 

The reaction of this process can be carried out in a manner similar to that in 
Process 3. 
Process 5 

The compoimd (1-3) or a salt thereof can be prepared by reacting the 
compound (IV) or a salt thereof with the compound: RjN-OH or a salt thereof. 

Suitable salts of the compound: HjN-OH may be the same as those 
exemplified for the compound (I). 

Hie reaction of this process can be carried out in a manner similar to that in 
Process 2. 
Process 6 

Hie compound (1-3) or a salt thereof can be prepared by eliminating the 
hydroxy protective group of the compound (1-4) or a salt thereof. 
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The reaction of this process can be canied out in a manner similar to that in 
Process 1. 

The compounds obtained can be isolated and purified by a conventional 
method such as pulverization, recrystallization, colimm chromatography, 
repredpitation and the like. 

The object compounds can be transformed into their salts in a conventional 

manner. 

It is to be noted that the object compounds may include one or more 
stere<risomere due to asymmetric carbon atoms, and all of such isomers and 
mixtures thereof are included within the scope of tiiis invention. 

Collagenases initiate the degradation of collagen in vertebrates and, in 
addition to their nomial function in the metabolism of cormective tissue and 
wound healing, they have been impUcated to be involved in a number of 
pathological conditions such as joint destmction in rheumatoid arthritis, 
periodontal disease, corneal ulceration, tumor metastasis, osteoarthritis, 
decubitus restenosis after percutaneous transluminal coronaiy angiopsty, 
osteoporosis, proriasis, chronic active heatitis, autoimmune keratitis, and the like, 
and therefore the compounds of the present invention are useful for treating 
and/ or preventing such pathological conditions. 

Inhibitory activity of MMP can be assayed by a conventional test method as 
mentioned below. 
Test methods: 
Test Method 1: 

Inhibitory activity o f human MMP-1 

Himian collagenase was prepared firan the culture medium of human skin 
fibroblast stimulated with interleukin-ip (1 ng/ml). Latmt collagenase was 
activated by incubation with tryspin (200 iig/ml) at 37t; for 60 minutes and the 
reaction was stopped by adding soybean trypsin inhibitor (SOOpg/ml). 
CoUagpnase activity was determined using FTTC-labeled calf skin type I collagpn. 
FITC-coIlagen (2.5 mg/ml) was incubated at 3TC for 120 minutes with the 
activated collagenase and test compotmd in 50 mM Tris buffer (containing 5 mM 
CaClj, 200 mM NaQ and 0.02% NaNg, pH 7.5). After stopping tiie en2yme 
reaction by adding the equal volume of 70% ethanol-200 mM Tris buffer (pH 9.5), 
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the reaction mixtxire was centrifuged, and collagenase activity was estimated by 
measuiing the fluorescence intensity of supernatant at 495 nm (excitation) and 
520 nm (emission). 
Test Method 2: 

Trihihitmy artivitv of human MMP-8 

The inhibitory activity of test coiiq}Ounds against hiunan MMP-8 were 
assGQred by using commercial kit (Chondrex, USA) contained recombinant human 
pix>-MMP-8 and Fnx;-labeled tdopeptide-firee soluble bovine type I collagen as a 
substrate. Recombinant human pro-MMP-8 was activated by a sequential 
incubatimi with mercuiy compotmd and proteinase at 35'C fiar 1 hour. Reaction 
mixture containing the activated MMP-8, substrate and test compoxmds were 
incubated at 3SC for 2 hours. After stopping tiie enzyme reaction by adding the 
stop solution (o-phenafhroline), the reaction mixture -was centrifuged and MMP-8 
activity was estimated by measuring the fluorescence intensity of supernatant at 
490 nm (excitation) and 520 nm (emission). 
Test Method 3: 

Tnhihitnry arrtvity of biiman MMP-9 

The inhibitory activity of test compounds against human MMP-9 were 
measured by using commercial kits (Yagai, Japan). Gelatinolytic activity was 
determined by monitoring the degradation of FTTC-labeled bovine type IV coUagen 
after incubation for 4 hours at 42^:. The amoimt of degraded coUagen was 
estimated by measuring the fluorescence intensity at 495 nm (excitation) and 520 
nm (emission). 
Test Method 4: 

Inhibitory artivity of ^nman MMP-13 

The inhibitory potential of test compounds against human MMP-13 were 
assayed by using commercial kit (Chondrex, USA) contained truncated form of 
human recombinant MMP-13 and fluorogenic peptide substrate. Activity of 
hvmian MMP-13 was determined by monitoring the d^radation of fluoro^nic 
peptide substrate after incubation for 1 hour at 35t: and estimated by measuring 
the fluorescence intensity of degraded peptide substrate at 495 nm (excitatian) and 
520 nm (emission). 

For therapeutic purposes, the compounds and pharmaceutically acceptable 
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salts thereof of the present invention can be used in the form of a pharmaceutical 
preparation containing, as an active ingredient, one of said compounds in 
admixture with a phannaceutically acceptable carrier such as an organic or 
inorgjanic solid or liquid exctpient suitable for oral, parenteral or external 
adzoinistradon. The pharmaceutical preparations may be capsules, tablets, 
dragees, granules, solutions, suspensions, emtdsions, sublingual tablets, 
suppositories, ointments, and the like. If desired, there may be included, in these 
preparations, auxiliaiy substances, stabilizing agents, wetting agents, emulsifying 
agents, buffers and other commonly used additives. 

While the dose of the compound will vaxy depending upon the age and 
condition of patient and the like, in the case of intravenous adnunistration, a daily 
dose of 0.0 1 - 100 mg of the active ingredient per kg wei^t of a human being, and 
in the case of intramuscular administration, a daily dose of 0.05 - 100 of the 
sameper kg weight of a huinan being, or in the case of oral administration, adaily 
dose of 0. 1 - 100 mg of the same per kg weight of a human being, is generally given 
for tiie treatment of MMP or TNF a mediated diseases. 

In order to illustrate the usefulness of tiie object compound, the 
pharmacological test data of a rqpresentative compound of the compoimd are 
shown in the following. 
Inhibitory activity of human MMP'13 

1. Test method 

The inhibitory potential of test compoimds against human MMP-13 were 
assa3^d by using commercial kit (Chondrex, USA) contained truncated form of 
human recombinant MMP-13 and fluorogenic peptide substrate. Activity of 
human MMP-13 was determined by monitoring the degradation of fluorogenic 
peptide substrate after incubation for 1 hour at 35X^ and estimated by measuring 
the fluorescence intensity of d^aded peptide substrate at 495 nm (excitation) and 
520 imi (emission). 

2. Test Compound 
Compound of Example 43 

3. Test Result 
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Test comDound 


IC^ (nM) 


Example 43 


4.7 



Moreover, other abbreviations used in this specification are, for example, as 
follows. 

HOBT: N-Hydrox5iDenzotriazole 

WSCD: N-Ethyl-N-(3Kiimethylaniinopropyl)carbodiimi^ 

BzL" Benzyl 

Z: Benzyloxycarbonyl 

DMF: Dimethylformamide 

The following examples are given for the purpose of illustrating the present 
invention in detail. 
I^reparadon 1-1 

A mixture of cydohexanone (60.0 ^, malonic add (63.6 ^ and sodium 
acetate (94.2 gj in 9S% aqueous ethanol (1 L) was refluxed fior 6 dajrs. After 
cooling to ambient temperature , tiie resultant mixture was stirred for 6 hours on 
an ice bath imtil a solid was formed. The separated solid was collected and 
washed with ethanol (100 ml) to give 2-(l-aminocyclohe7grl)acetLC acid (38.3 ^. 
NMR P2O) 6 =1.14-1.69(10H, m), 2.38(2H. s) 
Mass ESI (-): 156(M-1) 
Preparation 1-2 

To a solution of 2-(l-aminocyclohe>Q^l)acetic add (2.0 g) in IN NaOH (25.4 ml) 
and dioxane (20 ml) was added Znd (2. 17 g) at room temperature. After being 
stirred for 5 hours, the solution was ev^orated in vacuo to remove dioxane. The 
solution was addified by 6N HQ and extracted with AcOEt (60 ml). The solution 
was washed with brine, dried over MgS04 and concentrated in vacuo to give 2-(l- 
(benzyla3qrcarbon3daitiino)c3^clohexyi)acetic add (1.80 gj as an oil. 
NMR (CDCy 5=1.18-1-68(8H, m), 1.96-2.20(2H, m), 2.83(2H, s), 4.84{1H, brs), 
5.08(2H, s), 732(5H, s) 
Mass (ESI-): 290(M-H) 
Preparation 1-3 

To a solution of 2-{l-(benzyloxycarbonylamino)cydohe3Qd)acetic add (1.5 g), 
0-(2-tetrahydropyranyl)hydrox3damine (663 mg) and HOBT (765 mg) in DMF (20 
ml) was added WSCD • HCl (1.09 g) at room temperature. After bdng stirred 
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overnight, the solution was concentrated in vacuo. The residue was dissolved in 
AcOEt (50 ml) and tiie sotution was washed with 5% aq. citric add solution, sat 
NaHCOg solution and brine, and dried over MgS04. The solution was 
concentrated in vacuo to give N-(2-tetrahydropyran3tocj^-2-(l-(benzylaxy- 
carbon3danuno)<yctobgq^aoetarnide (1.83 ^ as aii amorphous powder. 
NMR (CDCy 6 =1.20-1.91(14H, m), 1.95-2.15(2H, m), 2.60(2H. s), 3.52-3.63(lH. 
m). 3.80-3.94(lH, m), 4.87(1H. s), 4.90(1H, s). 5.02(1H, d, J=10.5Hz). S.10(1H, d. 
J= 10.5Hz), 7.3S(5H, s), 8.59(1H, s) 
Mass (ESI+): 391(M+H) 
IYq>aratian 1-4 

A solution <rfN-(2-tetiahydropyranylo^-2-(l-(ben2ylo3Qrcarbonylaniin^^ 
cydohe3Q4)acetaniide (1.8 ^ in MeOH (50 ml) was catalytically reduced with 20% 
palladium hydroxide on carbon (300 m^ imder 3 atmospheric pressure of 
hydrogen for 1 hour. The catalyst was removed by filteration and the filterate was 
concentrated in vacuo to give N-(2-tetrahydropyranylojq^)-2-(l-aminocydohexyl)- 
acetamide (1. 18 g) as an oil. 

NMR pMSO-de) 6 =1.14-1.75(15H, m), 1.95-2.32(3H, m), 3.48-3.59(lH, m), 
3.83-3.97(lH, m), 4.34^.53(2H, m), 5.00-5. 10(1H, m) 
Mass (ESI+): 257(M+H) 
Prq>aration 2-1 

To a solution of thionyl chloride (9.84 g) in MeOH (150 ml) was added 2-(l- 
aminocydohe3grl)acetic add ( 1 0 g) on an ice-bath. After the mixture was refluxed 
ovem^t, it was concentrated in vacuo. The residue was triturated with ether to 
give methjd 2-(l-aminocydohe3cyrl)acetate (12.2 g) as a solid. 
NMR (DMSO-dJ 6 =1.21-1.S2(4H, m), 1.55-1.80(6H, m). 2.77(2H. s), 3.65(3H, s) 
Mass (ESI+): 172(M+H) 
Rieparation 2-2 

To a solution of methjd 2-(l-aminocydohejQrl)acetate (500 m^ and NJ>I- 
diisoprtjp^ethyiamine (685 mg) in CHCI3 (lO ml) was added 4-phenoKybenzene- 
sulfonsd chloride (7 12 mg) in CHaj (5 ml) at room temperature. After stiming 
overnight at the same temperature, the reaction mixure was concentrated in 
vacuo. The residue was dissolved in AcOEt (30 ml) and the solution was washed 
with 0.5N HQ, saL NaHCOa aq, and brine, dried over MgS04 and concentrated in 
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vacuo. The residue was crystaKzed from AcOEt and hexane to give metiijd 2-( 1- 

(4-phenaxybenzenesulfonyiammo)cyclc^ (693 mg). 

NMR pMSO-dJ 6 =1.85-2.02(2H, m). 1.25-1.57(8H, m), 2.60(2H. s), 3,63(3H, s), 

5.29(1H, s). 7.01(2H, d, J=8H2). 7.06(2H, d. J=8Hz), 7.22(1H, t, J=8Hz), 7.41(2H, t, 

J=8Hz), 7.83(2H, d, J=8Hz) 

Mass(ESI-): 402(M-H) 

Preparation 2-3 

To a solution of methyl 2-[l-(4-phena3cybenzenesulfonylamino)q^ 
acefete (600 m^ and 60% NaH (65.5 mg) in DMF (10 ml) was added methjd iodide 
(253 mg) at room tenq)erature. After stirring for 5 hours at the same temperature, 
the reaction mixture was concentrated in vacuo. The residue was dissolved in 
AcOEt (30 ml) and the solution was washed with 0.5N HCl, sat NaHCOg aq, and 
brine, dried over Mg304 and concentrated in vacuo to give methyl 2-[l-N-metiiyl- 
N-(4-phenc»qrbeiizeriesulfonylamino)cydohe:qrIlace (580 mg). 
NMR (CDCy 6 =1.30-1.56(6H, m), 1.94-2.12(4H, m), 2.88(3H. s). 2.94(2H, s), 
3.66(3H, s), 7.01(2H, d, J=8Hz), 7.06(2H, d, J=8Hz), 7.21(1H, t, J=8Hz), 7.40(2H, t, 
J=8Hz), 7.80(2H, d, J=8Hz) 
Mass(ESI+):418(M+H) 
nreparation 2-4 

To a solution of methyl 2-[l-N-methyl-N-(4-phena5cyrbenzenesulfonyiamino)- 
cydohexjdlacetate (550 mg) in MeOH (10 ml) was added IN NaOH aqueous 
solution (10 ml) at room temperature. After being stirred overnight, the mixture 
was concentrated in vacuo to remove MeOH. The residual solution was acidified 
by IN HCl and extracted with AcOEt (30 ml). The solution was washed with brine, 
dried over MgS04 and concentrated in vacuo. The residue was purified by SiOa 
column (eluent CUCl^ to give 2-[l-N-methyl-N-(4-henaxybenzenesulfonyl- 
amino)cyclohe3cyi]acetic add (220 mg) as an oil. 

NMR(CDCl3) 5 =1.27-1.72(6H, m), 1.98-2.12(4H; m), 2.89(3H, s), 3.02(2H, s), 
7.01(2H, d, J=8Hz). 7.07(2H, d, J=8Hz), 7.21(1H, t, J=8Hz), 7.41(2H. d, J=8Hz), 
7.80(2H, d, J=8Hz) 
Mass (ESI-): 402(M-H) 
Rreparation3-l 

To a solution of 2-(l-aminocyclohe3qrl)acetic add (3.5 g) and Na^CO^ (4.21 g) 
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in water (60 ml) was added a solution of 9-fluorenjtoiethyl sucdnimMjd carbonate 
(6.71 g) in dioxane (100 ml) at room temperature. Ater being stirred far 5 hours, 
the solution was evaporated in vacuo to remove dioxane. The residue was 
acidified by 3N HQ and extracted with AcOEt (100 mix 2). Thecombined 
orgpnic layer was washed with brine, dried over MgS04 and concentrated. The 
residue was triturated with EtjO (100 ml) and hexane (100 ml) to give 2-[l-(9- 
fluoren3toiethaxycarbonyianiino)cyclohe3qrllacetic add (6.6 ^ as a solid. 
NMR pMSO-dfi) 8 =1.04-1.62(8H, m), 1.95-2.22(2H. m), 2.57(2H, s), 4.03- 
4.33(3H. m). 7.04(1H, s), 7.22-7.53(4H. m)r7.73(2H, d, J=8Hz), 7.87(2H. d. J=8Hz) 
Mass (ESI-): 378(M-H) 
Preparation 3-2 




Hydrojcylamine 2-chlorotrit5i resin ( 1.46 ^ was swelled in N, N-dimethyi- 
formamide (10 ml) for 20 minutes. A solution of 2-[l-(9-fluorenylmethoxy- 
carbonylamino)cyclohe3gd]acetic add (2.1 g), 0-(7-azabenzotriazol-l-yl)-(l.l,3,3- 
tetramethyhironium hexafluorophosphate (2.1 g) and N,N-diisopropyleth3toniine 
(1.43 ^ in N.N-dimethylformamide (10 ml) was added to this su^iensian and 
shaken for 24 hours. N-[2-[ 1 -(9-Fluorenylmefli03qrcarbonylamino)cyclohe3Qri]- 
acetjdJhydro^Q'lamine 2-chlorotrityl resin was filtered and washed with N, N- 
dimethylfoimamide, methanol and dichloromethane each three times. 
Prqtaration 3-3 
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N-[2-[l-(9-nuorenylmethos^cart)onylamino)cyc^^ 
hydrojcjdaiiunc 2-chl0rotiityl resin (2.92 ^ was swelled in N. N^iimethylfoimainide 
(10 ml) for 20 minutes. To a solution of 20% piperidine in N,N-dimelhyl- 
formamide (20 ml) was added the resin and shaken fijT 24 hours. N-[2-[l- 
/toiinocyclohe>qrllacel3ilhydrosgiamine 2-chloi:otriiyl resin was filtered and 
wa;^ed with N^-dimethyBbrmamide, methanol and dichloromethane each three 
times. 

Preparation 4-1 

To a solution of malonic add (1.0 g) and ammonium acetate (1.48 g) in EtOH 
(40ml)wasaddedtetrahydiopyran^ne(1.01g)atroomtemperature. Afterthe 
reaction solution was stirred at 90*0 for 2 dajrs, it was cooled to room temperamre. 
The resulting precipitate was collected by filteration to give 2-(4-amino- 
tetrahydropyran-4->d)acetic add (450 mg). 

NMR p,0) 6 =1.73(4H. brs), 2.51(2H. s), 3.51-3.58(2H. m). 3.69-3.76(2H, m) 
Mass(ESI-): 158(M-H) 
Preparation 4-2 

2-{4-(Benzyloxycarbonylamino)tetrahydropyran-4-yl]acetic add was obtained 
in the siTniiar manner as in Preparation 1 -2. 

NMR (CDCy 6 =1.62-1.88(2H. m). 2.08-2.24(2H. m). 2.85(2H. s). 3.47-3.78(4H. 
m), 4.97(1H, brs), 5.08(2H. s). 7.35(5H, s) 
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Mass (ESI-): 292(M-H) 

Preparation 4-3 

N-(2-Tetrahydropyranjdo3q')-2-[4-beiizyio3cycarbonylaiii^ 

4-yl]acetanude was obtained in the similar manner as in Preparation 1-3. 

NMR pMSO-dJ 6 =1.42-1.73(8H. m), 1.98-2.15(2H, m), 2.39(2H, dd, J-7. 15Hz}. 

3.40-3.64(6H. m), 3.84-3.96(lH, m). 4.81(1H. s). 5.00(2H. s). 7.15(1H. s), 7.36(5H. 

s) 

Mass (ESI-): 391(M-H) 

Preparation 4-4 

N-(2-Teliahydropyranyloi3cy)-2-(4-aaninotBtrahydropyran-4- 

obtained in the similar manner as in Preparation 1-4. 

NMR (CDaj 6 =1.30-1.9S(10H, m), 2.35(2H, s). 3.54-3.82(6H, m), 3.88-4.04(lH, 
m),4.88-5.07(lH,m) 
Mass (ESI+): 259CM+H) 
FreparHtLon 5-1 

Methyl 2-(4-aminotetrahydropyran-4-yl)acetate hydrochloride (6.18 gj was 
obtained fram 2-(4-aminotetrahydropyran-4-yl)acetic add (5 ^ in the similar 
manner as in Rreparation 2-1 as a soUd. 

NMR (DjO) 6 =3.77-3.71(2H, m). 3.61-3.53(5H. m), 2.87(2H. s), 1.80(4H. br.s) 
ESI(+): 174(M+Hj 
Rreparation 5-2 

To a solution of methyl 2-(4-aminotetrahydropyran-4-yl)acetal!e 
hydrochloride (1.0 g). 4-pheno3qrbenzoic add (1.48 g) and l-hydroxybenzotriazole 
(858 mg) in N,N-dimethylformamide (20 ml) was added l-(3-dimethyl- 
aminopropyl)-3-ethyicarbodiimide (980 mg) at room temperature. After stirring 
for 1 3 houre, the mixtuie was concentrated in vacuo. The readue was dissoWed 
in AcOEt (100 ml), the solution was washed with IN HCL, sat NaHCOj aq. and 
brine, dried over MgS04 and was concentrated in vacuo to give mcOiyl 2-{4-(4- 
phenoxybenzoylamino)tetrahydropyran-4-yQacetate (1.0 g) as an amorphous. 
NMR (CDCI3) 6 -1.78-1.88(2H, m), 2.41-2.46(2H. m). 3.00(2H. s). 3.63(3H, s), 
3.68-3.83(4H, m). 6.08(1H, s), 6.99-7.06(4H. m). 7.17(1H, dd. J=7, 7Hz), 7.27- 
7.41(2H, dd, J=8, 8Hz). 7.73(2H, d, J=9Hs^ 
ESI(-): 368(M-H) 
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fteparation 5-3 

2-(4-(4-Pheno^benzco^lamino)tet^ add (1.0 g) was 

obtained from methyl 2-{4-(4-pheno3qrbenzoylamino)tetrahydropyran^ 
(1.0 g) in the s^Tnilar manner as in Preparation 2-4. 

NMR PMSO-Dfi) 6 = 1.62-1. 7 1(2H, m), 2.33-2.38(2H, m), 2.81(2H. s), 3.53- 
3.67(4H, m), 7.02-7.08(4H, m), 7.20(1H, dd, J=7, 7Hz), 7.41-7.46(2H, dd, J-8, 
8Hz), 7.75(2H, d,J=9Hz) 
ESI(-): 354(M-H) 
Preparation 6-1 

2-(4-AminotBtrahydrothiopyran-4-3d)acetic add was obtained in the similar 
manner as in Preparation 1. 

NMR p,0) 6 -1.77-1.90(2H, m), 1.9S-2.05(2H. m). 2.42(2H, s). 2.49-2.60 (2H, 
m),2.61-2.24(2H,m) 
MassESI(+): 176(M+1) 
Preparation 6-2 

Meti^ 2-(4-aniinotetrahydrothiqpyran-4-yl)aM^ hydrodiloride was 
obtained in the sunilar manner as in Preparation 2-1. 

NMR pMSO-cy 6 -1.91-2.10(4H, m). 2.62-2.70(4H, m), 2.73(2H, s), 3.15(3H. 
s), 8.35(3H, brs., exchangeable) 
Mass ESI(+): 190(M+1) 
Preparation 6-3 

Methyl 2-[4-(4-phenG0QrbenzenesulfonylaEnino)tetrahydrothiopyran-4- 
yl]acetate was obtained in the sfanilar manner as in Example 8 as mentioned 
below. 

NMR {CDaj 8 =1.75(2H. t. J=12Hz), 2.87(4H, d. J=12Hz), 2.55(2H. s), 2.84(2H. t, 
J=12Hz), 3.64{3H. s). 5.25(1H, s), 7.04(2H, d. J=8Hz). 7.06(2H. d, J=8Hz), 7.23(1H. 
t, J=8Hz), 7.42(2H. t. J=8Hz). 7.84(2H. d, J=8Hz) 
Mass ESI(-): 420(M-1) 
Preparation 6-4 

To a solution of methyl 2-[4-(4-phenojybenzenesulfon3damino)- 
tett^ydrothiopyran-4-yllacetate (ISO m^ in tetrahydrofiiran (2 ml) was added a 
solution of sodium periodate (76 mg) in water (1 ml) on an ice bath. After been 
removed the ice bath, the mixture was stirred for 2 days at ambient temperature. 
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The resultant mixture was extracted with ethyl acetate. The separated organic 
layer was washed with water and brine, dried over sodium sulfate and evaporated 
in vacuo. The obtained residue was purified by colimrn chromatogr^hy with 1- 
9% methanol in chloroform stepwise gradient to give methyl 2-ll-axD-4-(4- 
phenoxybenzmesulfonjiamino)tetrahydrothiopyran-4-yll-acetatB (166 mg) as an 

amorphous solid. 

NMR (CDCy 6 =2. 14-2.31(4H. m). 2.34(2H. s). 2.77(2H. d, J=14Hz), 2.90(2H, td, 
J=4.5. 14Hz). 3.57{3H. s). 5.52(1H. s), 7.04(2H. d. J=8Hz). 7.07(2H. d, J=8Hzi. 
7.24(1H. t, J=8Hz). 7.44(2H. t. J=8Hz), 7.80(2H, d. J=8Hz) 
Mass ESI(-): 436(M-1) 
Preparation 7-1 

Methyl 2-[l,l-diaxD-4-(4-phenojqrben2raiesulfonylainino)tetrahydro- 
thiapyran-4-yl]aoetate was obtained in the similar manner as in Preparation 6-4. 
NMR (CDCy 6 = 2.08(2H. t, J=13.5Hz), 2.44(2H. s). 2.64(2H, d, J=13.5Hz), 
2.84(2H. d, J-13.5HZ). 3.43(3H. t. J=13.5H^, 3.60(3H. s), 5.50(1H, s). 7.05(2H. d. 
J=8Hz), 7.80(2H. d, J=8Hz). 7.25(1H. t. J-8Hz). 7.45(2H, t, J=8Hz), 7.81(2H, d. 
J=8Hz) 

Mass ESI(-): 452(M-1) 
Pteparatian 7-2 

2-[l , l-Diaxo-4-(4-phenoxybenzenesulfonylamino)tetrahydro-thiopyran-4- 
yijacetic add was obtained in the similar manner as in Preparation 2-A. 
NMR pMSO-dJ 8 =2.03-2.54(6H, m). 2.86-3.05(4H, ra). 7.13{4H. d. J=8Hz), 
7.25(1H. t, J=8Hz), 7.46(2H, t, J=8Hz). 7.78(1H. s). 7.85(2H, d. J=8Hz). 8.86(1H. s) 
MassESI(-):438(M-l) 
Preparation 8-1 

To a solution of malonic add (1.0 g) and ammonium acetate (1.48 g) in EtOH 
(50 ml) was added l-benzyloj(ycarbonyl-4-pq3eridone (2.24 g) at room temperature. 
After the reaction solution was stirred at 90*^ overnight, the reaction mixture was 
concentrated in vacuo. The residue was dissolved in 0.5N hydrochloric add (200 
ml) and the solution was washed with ether (200 ml). The aqueous solution was 
appUed to a column of Diaion HP-20 (50 ml) eluting with MeOH (100 ml). After 
the eluent was concentrated in vacuo, the residue was triturated with ether to give 
2-(4-amino-l-ben23doxycarbonylpipeiidin-4-yl)acetic add (1.70 g) as an 
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amorphous powder. 

NMR pMSO-dd 6 =1.54-1.65(4H. m), 2.20(2H, s), 3.26-3.42(2H. m). 3.45- 
3.60(2H, m), 5.08(2H, s), .7.35(5H, s) 
Mass (ESI-): 291{M-H) 
Preparation 8-2 

To a solution of 2-(4-ammo-l-ben2ylaxycarbonylpiperidin-4-yi)acetic add 
(1 .50 ^ in IN NaOH (7.7 ml) was added a solution of di-tert-bulyl dicarbonate 
(1.68 g) in dioxane (10 ml) at room temperature. After stirring at 40t: fiar 6 hours, 
the mixture was concentrated in vacuo to remove dioxane. Hie residual solution 
was acidified with 3N Hd to adjust to pH 2 and extracted with AcOEt (SO ml ) . 
The solution was washed with brine, dried over MgSO^ and concentrated in vacuo 
to give 2-l4-(tert-butt»5rcarban3tonino)-l-benzylajcycarbonyipi^^ 
add (1.48 g) as an anunphous powder. 

NMR (CDCag) « =l.48(9H. s). 1.50-1.78(2H, m). 2.07-2.32(2H, m), 2.70(2H, brs), 
3.03-3.28(2H, m), 3.78^.02(2H. m), 5.10(2H. s), 7.34(5H, s) 
Mass(ESI-):391(M-H) 
Preparation 8-3 

To a solution of 2-[4-(tert-buto3{ycarbonylamino)-l-benz3dc»Qrcaibonyl- 
piperidin-4-yllacetic add (1.40 g) and ethyl iodide (668 mg) in DMF (10 ml) was 
added potassium carbonate (296 mg) at room temperature. After stJiring for 4 
hours, the reaction solution was concentrated in vacuo. The residue was 
dissolved in AcOEt (50 ml) and the solution was washed with IM hydrochloric add 
solution, saturated sodium bicarbonate solution and brine, and dried over MgSO^. 
The solution was concentrated in vacuo to give ethyl 2-[4-(tert-buto3qrcarbonyl- 
amino)-l-benzyloxycarbonylpiperidin-4-yl]acetate (1.52 g) as a powder. 
NMR (CDCy 6 =1.25(3H. t. J=7Hz). 1.44(9H. s), 1.48-1.72(2H. m). 2.10-2.31(2H. 
m), 2.74(2H, s). 3.04-3.30(2H. m). 3.75-3.99(2H. m). 4.12(2H, q, J=7Hz). 4.51(1H. 
s) , 5. 12(2H, s) , 7.34(5H, s) 
Mass (ESI+): 42 1(M+H) 
Preparation 8-4 

To a solution of ethyl 2-l4-(tert-butoxycarbonylaniino)-l-ben2jdaxycarbonyl- 
piperidin-4-yl]acetate (1.48 g) in AcOEt (10 ml) was added 4N hydrogenchloride in 
AcOEt (20 ml) at room temperature. After stirring for 1 hour, the reaction 
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solution was concentrated in vacuo. The residue was triturated with ether to give 
ethyl 2-[4-ainino-l-ben2gdoo^carbonylp5)eridin-4-ji]acetate hydrochloride (1.36 g) 
as a solid. 

NMR pMSO-dJ 6 =1.22(3H, t, J=7Hz), 1.70-1.90(4H, m). 2.86{2H. s), 3.30- 

3.48(2H, m), 3.58-3.76(2H, m), 4.13(2H, q, J=7Hz), 5.08(2H, s). 7.34(5H, s). 

8.40(2H, brs) 

Mass (ESI+): 321(M+H) 

Rreparation 8-5 

Ethyl 2-[4-(4-phenaxybenzenesulfonylamino)- l-benzylo3Q?c^ 

piperidin-4-yl]acetate was obtained in the similar manner as in Example 8 as 
mentioned below. 

NMR (CDQa) S =1.23(3H, t. J=7Hz), 1.35-1.53(2H, m). 2.06-2.17(2H, m), 2.48(2H, 
s), 3,05-3.32(2H, m), 3.62-3.82(2H.m), 4.08(2H. q, J=7Hzi, 5,10(2H. s), 5.40(1H, s), 
7.02(2H, d. J=8Hz), 7.08(2H, d. J=8Hz), 7.22(1H. t, J=8Hz), 7.33(5H, s), 7.42(2H, t, 
J-8HZ), 7.81(2H, d, J=8H2} 
Mass (ESI-): 551(M-H) 
Preparation 8-6 

2-[4-(4-Pheno3cybenzenesulfonylamino)-l-ben^d03grcarbon3d-^^ 
^Jacetic add (800 m^ was obtained in the same manner as in Preparation 2-4 as 
an amorphous state. 

NMR (CDaj 6 =1.42-1.60(2H. m). 2.03-2.18(2H, m), 2.65(2H. s). 2.92-3.20(2H, 
m), 3.62-3.80(2H, m), 5.09(2H, s), 5.58(1H, s), 7.02(2H, d, J=8Hz). 7.06(2H, d. 
J=8Hz), 7.22(1H. t, J=8Hz}. 7.32(5H, s), 7.49(2H. t, J=8Hz), 7.82(2H, d, J=8Hz) 
Mass (ESI-): 523(M-H) 
Rreparation 9-1 

2-[l-Benzyla3cycarbonyl-4-(9-fluorenylmetho3C5rcarbonylamino)piperidin-4- 
jdjacetic add was obtained as an oil from 2-(4-amino-l-benzylojycarbonyl- 
piperidin-4-yI]acetic add in tiie similar manner as in Preparation 3-1. 
NMR pMSO-dJ 6 =1.38-1.63(2H, m), 2.06-2.26{2H, m), 2.62(2H, s), 2.90- 
3.17(2H, m), 3.62-3.80(2H, m), 4.15-4.32(3H, m), 5.07(2H, s), 7.26-7.48(9H, m), 
7.73(2H, d. J=7Hz), 7.88(2H, d, J=7Hz) 
Mass(ESI-): 513(M-H) 
Preparation 9-2 
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N-{2-TelTahydropyranylo3cy)-2-[l-beiizylDXcarbonyl--4-(9-fluaren 
carbonylaniino)pq)eridin-4-yi]acetainide was obtained as a powder from 2-[l- 
ben2ylo3cycaitonyl-4-(9-fluormylmetiia:grcarbonylamino)pq>e^ 
in the !? jr"'"l«T- manner as in Preparation 1-3. 

NMR (DMSO-dJ 8 =1.40-1.72(8H, m), 2.08-2.25(2H. m). 2.28-2.49(2H. m). 
2.88-3. 13(2H. m), 3.36-3.48(2H, m), 3.64-3.78(2H, m), 3.82-3.94(lH, tn), 4.78(1H, 
s). 5.07(2H. s), 7.18-7.48(10H. m). 7.73(2H. d. J=7Hz), 7.89(2H, d, J-7Hz) 
Mass (ESI+): 614(M+H) 
Preparation 9-3 

N-(2-Tctrahydn>pyranylo3gr)-2-[l-ben^ojgrcarbonyl-4-(9-fluaren 
carboaylainino)piperidin-4-yllacetaimde (27.5 ^ was disdoved in 20%piperidine 
in DMF (250 mfl at room temperature. After stirring at the same tetaperatuie fiar 
1 hour, the solution was concentrated in vacuo. The residue was purified by SiOa 
column chromatography (CHCa3-2% MeOH in CHaj to gjve N-(2-tetrahydro- 
pyranylo3cj^-2-(4-aniino-l-benz5do3Qrcarbony^q)eridin-4-3d)acetamide (15.6 ^ as 

an oiL 

NMR pMSO-dJ « =1.22-1.75(10H, mJ=Hz), 2.07(2H, s), 3.3S-3.65(6H, m), 3.84- 
3.96(1H, m), 4.82(1H. s), 5.06(2H, s), 7.27-7.42(5H, m) 
Mass(ESI-):390(M-H) 
FYeparation 10-1 

N-{2-Tetrahydropyranylo3^)-2-benzyloxjrcarbonylaminopropionainidewas 
obtained as a solid from 2-benzylaxycarbon5ianiinoprqpionic add (5.0 gj in the 
s i rwilaT manner as in Preparation 1-3. 

NMR pMSOdJ 5 =1.42-1.72(6H, m), 2.17(2H. t, J=7Hz), 3. 15-3.26(2H. m). 
3.45-3.54(lH. m), 3.85-3.95(lH, m), 4.81(1H, s). 5.00(2H, s). 7.25-7.40(5H, m) 
Mass (ESI-): 321(M-H) 
Preparation 10-2 

N-(2-Tetrahydropyranyloxy)-2-aminopropionamide was obtained as an oil 
from N-(2-tetrahydropyranylQ3cy)-2-benzyloxycarbonylaminopropiDnamide in the 
jgimiiar manner as in Preparation 1-4. 

NMR pMSO-dJ 8 =1.20-1.72(6H. m). 2.05-2.30(2H. m). 2.65-2.86(2H, m), 3.32- 
3.81(2H, m), 4.56-4.82(lH. m) 
Mass (ESI+): 189(M+H) 
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Preparation 11-1 

3-Benzylo3Qrcarbanjdainino-3H:yclohe3Qrlpn>pionic acid was obtained firom 3- 

ainino-3-cyclohexydpropionic add in the s i milar manner as in Preparation 1-2. 

NMR pMSO-dJ 5 =0.88-1.43(6H, m), 1.53-1.75(5H. m), 2. 18-2.46(2H, m), 3.65- 

3.79(1H, m), 5.00(2H, s), 7.17(1H, d. J=9Hz), 7.26-7.40(5H, m) 

Mass (ESI-): 304(M-H) 

Rreparation 11-2 

N-(2-Tetrahydiopyranyloxy)-3-benzjdo3^caibonylainino-3-cg^ 

propionamide was obtained ftom 3-ben2ylo3g?carbonylaniino-3-cyclohe}cyl- 

propionic add in the similar maimer as in PJceparation 1-3. 

NMR pMSO-dJ 6 =0.82-1.74(17H, m), 2.00-2.26(2H, m), 3.40-3.53(lH, m), 

3.67-3.80(lH,m), 3.84-3.95(lH. m). 4.72-4.81(lH. m). 5.00(2H. s).6.98-7.07(lH. 

m), 7.26-7.40(5H, m) 

Mass (ESI-): 403(M-H) 

Rneparation 11-3 

N-(2-Tetrsfaydropyranylo3q^-3-amino-3-cyclohe3qrlpropionamide was 
obtained fmm N-(2-tetrahydropyranylajcy)-3-benzylo^carbonylamino-3- 
cydohejqrlpropionamide in the similar manner as in Preparation 1-4. 
NMR pMSO-d^ 6 =0.74-1.76(17H, m), 1.82-2.20(2H. m), 2.71-2.86(1H, m), 
3.42-3.57(lH, m), 3.84^.02(1H. m), 4.74-4.86{lH, m) 
Mass (ESI-): 269(M-H) 
Preparation 12-1 

To a solution of 2-ethyl-l-butBne (1.82 g) in Et^O (8 ml) was added N- 
chlorosulfonyl isocyanate (3 g) at O^C and the mixture was stirred for 5 hours at 
room temperature. The mixture was poured into water (10 ml) and organic layer 
was separated. To this ether solution was added an aqueous sodium sulfite 
solution (9.35 g in 30 ml of water) and the solution was stirred ftir 1 hour at room 
temperature. The organic layer was separated, and the aqueous l^rer was 
extracted with ether twice. The ether layer was gathered and washed with brine, 
dried over magnesium sulfete. Solvent was removed imder reduced pressure to 
give 4,4-diethyl-2-azetidinone as a coloriess oiL 

NMR (DMSO-dJ S - 0.93(t. 6H. J=8Hz), 1.70(q. 4H, J=8H^. 2.64(d, 2H, J=2Hz), 
6.14(br, IH) 
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MS (ES+)= 128.2 
Preparation 12-2 

To a suspension of sodium hydride (60% oil dispersion. 69 mg) in N,N- 
dimethylformaniide pMF, 5 ml) was added 4.4-diethyl-2-azetidinane (200 mg) at 
or, and the mixture was stirred for 30 minutes. Then a solution of 4-phena3gr- 
benzenesuJfonyl chloride (465 mg) in DMF (3 ml) was slowfy added at OXJ, and the 
mixture was stirred fori hour at room temperature. The reaction was quenched 
with 5% aqueous citric arid solution. The orgpnic 1^ was separated, washed 
vwth water pc 2) and brine, and dried over magneswm sulfate. The solvent was 
eva^wrated. The oity residue was purified with sflica gel column chromatDgraphy 
(duent chlorofonn)to give l-(4-phenmqr-benzenesulfonyl)-4,4-diethyl-2- 
azetidinone as a slightly ydlow oil. 

NMR (CDCy fi =0.94(t, 6H, J=7Hz), 1.96(q. 4H. J=7Hz). 2.76 (s, 2H), 7.03- 
7.09(m. 2H). 7.20-7.26(m, IH). 7.38-7.45(m, 2H), 7.97(d. 2H, J-9Hz) 
Preparation 12-3 

To a sohition of l-(4-phenaxybcnzenesulf6nyl)-4,4-diethyl-2-azetidinone 
(290 m^ in methanol (5 ml) was added IN aqueous sodium hydroxide solution 
(1 .2 ml) at room temperature and the mixture was stirred for 5 hours at 50'C. 
The reaction mixture was cooled to room temperature and aridified with IN 
hydrochloric add (ca. pH=3). This solution was extracted with ethyl acetate (10 
ml X 2). The organic layer was combined and washed with water, brine, and 
dried over magnesium sulfate. The solvent was ev^orated. This residue was 
purified vwth siUca gel column chromatography (eluent hexane-ethyl acetate 1:1) 
to give 3-(4-phenoxybenzenesulfonylamino)-3-ethylvaleric add as a colorless oiL 
NMR pMSO-dJ 6 = 0.66(t. 6H, J=8Hz), 1.53(q, 2H. J=8Hz), 1.64(q, 2H. J=8Hz), 
2.36(s, 2H), 7.05-7.13(m, 4H), 7.24(dd. IH. J=9Hz. 9Hz), 7.46(dd, 2H, J=9Hz. 9Hz). 
7.80(d, 2H, J=9Hz) 
MS (ES-): 376 
Preparation 13-1 

t-Buto^carbonyl dicarbonate (3.43 g) and 4-dimethylaminopyridine (96 mg) 
were added to a solution of 4,4-diethyl-2-azetidinone (1 g) in acetonitiile (20 ml) at 
or.andthemixturewasstirredovemight Then, ethyl acetate (25 ml) was added, 
and the mixture was washed with 1 N hydrodiloric add. a saturated solution of 
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sodium bicarbonate and brine. The organic layer was dried over magnesLum 
siilfate, and the solvent was removed in vacuo. Products were purified by silica 
gel colimm chromatography to give l-(t-butoxycarbonjd)^,4-diethyl-2-azBtidmone 
as a colorless solid. 

NMR (CDCy 6 -0.95{t, 6H, J=l IHz), L52(s, 9H), 1.89(q. 4H, J-1 IHz), 2.72 (s, 
2H) 

Preparation 13-2 

To a solution of l-{t'butaxycarbonyl)-4,4-diethyl-2-azetidinone (300 m^ in 
methanol (7 ml) was added IN sodium hydroxide solution (4 ml) at (fC and the 
mixture was stirred for 5 hours at room temperature. Ihe mixture was 
evaporated to remove methanoL The residue was acidified with IN hydrochloric 
add (ca.pH=3) and extracted with ethyl acetate pC 2). The organic layer was 
gathered, washed with brine, and dried over magnesium sul f a t e. The solvent was 
removed imder reduced pressure to give 3-(t-but03Qrcarban3daniino)-3-etti3*valeric 
pentanoic add. 

NMR pMSO-de) 6 = 0.74(t, 6H, J=8Hz), 1.37(s, 9H), 1.64(q, 4H, J=8Hz), 2.49(s, 
2H), 6.23(bs. IH) 
Preparation 13-3 

A mixture of 3-(t-buto3cycarbQnylarmno)-3-ethylvaleric add (315 m^, O- 
benzjihydraxylamine hydrediloride (307 m^, WSCD (239 mg) and 1- 
hydioxybenzotriazole (208 mg) in DMF (5 ml) was sttiired at room temperature. 
After 5 hours, the solvent was evaporated and the residue was partitioned with 
water (10 ml) and ethyl acetate (10 ml). The organic layer was combined and 
washed with 5% aqueous dtric add solution, saturated NaHCOg aq, and brine, 
and then dried over MgSO^. The solvent was removed under reduced pressure. 
The crude product was purified with siUca gel column chromatography to give N- 
benzylQ3Q^-3-(t-buto:Qrcarbonylaimno)-3-ethylvalerainide. 

NMR pMSO-de) 6 = 0.84(t, 6H, J=8Hz). L40(s, 9H), 1.67(q, 4H, J=8Hz), 2.49(s, 
2H), 4.89(s, 2H), 7.33-7.42(m, 5H) 
MS (ES-): 349 
Preparation 13-4 

N-Benzylo3Qr-3-amino-3-ethylvaleramide hydrodiloride was obtained in the 
similar manner as in Preparation 8-4. 
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NMR pMSO-<y 6 =0.83(t, 6H. J=8Hz). 1.56(q. 4H, J=8Hz), 2.28(s. 2H). 3.38(br, 
3H{variable)), 4.84(s, 2H), 7.34-7.44(m. 5H) 
MS (ES+): 251 
Rreparadon 14-1 

3,4,4-TriinetijLyl-2-azetidinone was obtained in the similar manner as in 
Preparation 12-2, 

NMR pMSO-<y 6=1. 19(d, 3H, J-7Hz). 1.31(s, 3H). 1.42(s, 3H). 1.78(s, IH). 
2.89(q, lH,J=7Hz) 
Preparation 14-2 

1- (4-Phenojqrt3enzenesulfonyl)-3,4.4-trimethyl-2-a2»tidinone was obtained in 
the similar manner as in Preparation 12-2. 

NMR pMSO-de) 6 =1. 17(d, 3H. J=7Hz). 1.47(s, 3H), 1.62(s. 3H). 2.98(q, IH, 
J-7HZ). 7.02-7.11^, 4H). 7.24(dd. IH. J-9Hz, 9Hz), 7.43(dd. 2H. J=9Hz. 9H^, 
7.97(d,2H,J-9HzJ 
Preparation 14-3 

2,3-Dimethyl-3-(4-phenoxybenzenesu]fonylamino)butyric add was obtained 
in the similar manner as in Preparation 12-3. 

NMR pMSO-de) 6 =1.21(d. 3H, J=7H^, 1.27(s, 3H). 1.29(s. 3H), 2.66(q. IH. 
J=7Hz). 5.81(3. IH), 6.99-7.09{m, 4H). 7.22(dd. IH, J-9Hz, 9Hz), 7.41(dd. 2H. 
J=9Hz, 9Hz) . 7.83(d, 2H, J=9Hz) 
Reparation 15-1 

2- (l-(t-Butoxycarbonylamino)cyclobut5d)acetic add was obtained in the 
jgimilflr maimer as in Preparation 13-2. 

NMR (CDCy 6 =1.45(s. 9H), 1.77-2.02Cm, 2H), 2.1 l-2.31(m, 4H). 2.70-3.03(m. 
2H), 5.12(br, IH) 
MS (ES-): 228(M-1) 
Preparation 15-2 

N-Ben2yloxy-2-( l-(t-buto^carbon3daniino)cydoljutyl)aoetaniide was 
obtained in the similar manner as in Preparation 1-3. 

NMR (CDCla) 6 =1.41(s. 6H), 1.44(s, 3H). 1.75-2.00(m. 2H). 2.10-2.33(m, 4H). 
2.65(s. 4/3H). 2.86(s. 2/3H), 4.90(s. 4/3H), S.04(s. 2/3H), 7.38(s, 5H), 8.33(bs. 
IH) 

MS (ES-): 333(M-1) 
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Preparation 15-3 

N-Benz3doxy-2-(l-aininocyclobut3d)acetaniide was obtained in the similar 
manner as in Preparation 13-2. 

NMR (CDCI3) 6 =1.65-1.87(m, 4H), 1.95-2.08(m, 2H), 2.46(s. 2H), 4.92(s. 2H), 
7.29-7.43(m, 5H) 
MS (ES+)=234(M+1) 
Ebcamplel 

N-(2-Tetrahydropyranjdo3g^-2-[4-(4-phenaJcybenzenesulfony^^ 
arnino)piperidin-4-yl]£Kjet£tt^ ~ ' 

Reparation 1-4. 

NMR pMSO-dJ «=1.32-1.90(10H, m), 2.18-2.34(2H, m), 2.47-2.60(2H, m), 
3.20-3.54(3H, m), 3.84-3.98(lH, m), 4.80(1H, s), 7.04-7.18(4H, m). 7.20-7.30(lH, 
m). 7.40-7.52(2H, m), 7.78-7.88(2H, m) 
Mass (ESI+): 490(M+H) 
Bbcaixiple2 

N-(2-Tbetrahydiapyran3do3qO-2-ll-(N-rnethyl-N-(4-pheno?c^^ 
siilfon3d)ainino)cydohexyl)acetamide (250 mg) was obtained from 2-[l-(N-methyl- 
N-K4-phenoxyben2EnsuIfonyl)amino)cyclohexyl]acetic acid(210 mg) in the similar 
manner as in Preparation 2-4 as an amorphous powder. 

NMR (CDCy (S =1.28-2.20(16H. m), 2.70-2.90(2H, m). 2.84(3H, s), 3.59-3.70(lH, 
m). 3.92-4.06(lH, m), 5.03(1H, s). 7.03(2H, d, J=8Hz), 7.08(2H, d, J=8Hz), 7.22(1H, 
t. J=8Hz), 7.41 (2H, t, J=8Hz), 7.70(2H, d. J=8Hz). 9.13(1H. s) 
Mass (ESI+): 503(M+H) 
Ebcample 3 

N-(2-Tetrahydropyran3doxy)-2-{4-(4-pheno?cybenzoylamino)- 
tetrahydropyran-4-yl}acetamide (1 .0 g) was obtained from 2-(4-(4- 
pheno3cybenzoylamino)tetrahydropyran-4-yQacetic arid (1.0 g) in the similar 
manner as in Preparation 1-3. 

NMR (CDCI3) <5='1.60-1.78(8H. m), 2.32-2.40(2H, m), 2.78-2.88(2H, m). 3.41- 
3.47(1H, m), 3.67-3.86(4H, m), 6.07(1H, br.s), 6.99-7.07(4H, m), 7.18(1H. dd. J=7, 
7Hz). 7.37-7.41(2H. dd, J=8. 8Hz), 7.72 (2H, d, 9Hz) 
ESI(-): 453(M-H) 
Example 4 
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N-Tetrahydropyranyloxy-2-[l , 1 -diaxD-4-(4-pheno3cybenzene- 
sulfonylamino)tetrahydro1hiopyran--4-yl)acetainide was obtained in the similar 
manner as in Preparation 1-3. 

NMR (CDCy 5 =I.49-1.89(6H. m), 2.00-2.21(2H, m), 2.33-2.50(2H, m), 2.52- 
2.90(4H, m). 3.10-3.30(2H, m), 3.55-3.68(lH. m), 3.80-4.01(lH. m). 4.65(0.5H, s), 
4.95(0.5H, s). 5.70(0.5H, s), 6.05(0.5H, s), 7.05(2H, d, J=8Hz). 7.09(2H, d, J«=8Hz), 
7.25(1H, m). 7.44(2H, t, J=8Hz). 7.80-7.90(2H, m), 8.02(0.5H, s), 8.68(0.5H, s) 
MassESI(-):537(M-l) 
Ebcample 5 

N-(2-Tetrahydropyran3doxy^-2-[4-(4-phenoijq^benzenesulfa^ 
benz3do3g?caitoony^>iperidin-4-yl]ac«±anjide was obtained in the amilar manner as 
in Riieparation 1-3. 

NMR (CDQa) « =1.38-2. 10(10H, m), 2.33-2.65(2H. m), 2.84-3.26(2H. m), 3.52- 
3.78(3H, m), 3.92-4.06(lH, m). 5.02(1H, s), 5.08(2H. s). 5.22(1H, s), 7.02(2H, d, 
J=8Hz), 7.08(2H. d, J-8Hz), 7.24(1H, t, J=8Hz), 7.32(5H, s), 7.83(2H, d, J=8Hz), 
8.82(1H. s) 

Mass (ESI-): 622(M-H) 
Example 6 

N-(2-Tetiahydiopyranyla3cy)-3-(4-pheno3Q^enzenesulfonylamino)-3- 
eflijdvaler amide was obtained in the similar manner as in Preparation 1-3. 
NMRpMSO-de) <5=O.70(t, 3H, J=8Hz), 0.75(t. 3H. J=8Hz), I.50-1.94(m, lOH), 
2.46(dd, 2H. J=7Hz. 16Hz), 3.60-3.70{m, IH). 4.01(t, IH, J=10Hz), 5.04(s, 0.5H). 
5.18(s, 0.5H), 7.01(d. 2H, J=9Hz). 7.06(d. 2H, J=9Hz). 7.17-7.24(m, IH), 7.38{dd, 
2H, J=9Hz, 9Hz). 7.85(d, 2H. J=9Hz), 8.97(s, IH) 
MS (ES+)=477 
Example 7 

N-(2-Tetrahydropyranylo3Q')-2,3-dimethyl-3-(4-phenQ3qrbenzene- 
sulfonyiaminojbutyramide was obtained in tiie amilar manner as in Preparation 
1-3. 

NMR(CDa3) d =1. 13-1.3 l(m.9H). 1.52-1.93(m.6H),2.31(q,0.5H. J=7Hz).2.44(q, 
0.5H. J=7Hz). 3.63(bs, IH). 3.67(bs, IH). 3.90-4.09(m, IH). 4.99(s, IH), 5.77(s. 
0.5H). 5.93(s, 0.5H). 6.97-7.09(m. 4H). 7.22(dd, IH. J=9Hz, 9Hz). 7.39(dd, 2H, 
J=9Hz, 9Hz). 7.83(d. 2H, J=9Hz), 8.66(s, 0.5H). 8.68(s, 0.5H)(diastereomeric 
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mixture) 
MS (ES-)=461 
Ebcample 8 

To a solution of N-(2-t3etrahy(kxjp3TOn)do3Qr)-2-{l-aminocy^ 
(200 mg) in pyridine (8 ml) was added 4-phena3grbenzenesulfonyi chloride (314 
mg) in CHQa (4 ml) at room temperature. After being stirred for 4 hours, the 
sohition was concentrated in vacuo. TTie residue was dissolved in AcOEt (20 ml) 
and the solution was washed with a S% aqueous citric add solution, sat NaHCOg 
solution and brine, dried over R^S04 and concentrated in vacuo. Tlie residue 
was purified by SiOa column dm)matDgrg?)hy (duent: 1% MeOH in CHQa) to give 
N-(2-tBtrahydropyranylaxy)-2-[l-(4-phenoxybenzenesulfon^^ 
acetamide (120 m^ as an amorphous powder. 

NMR (CDCy <y =1.18-1.9S(16H, m), 2.50(1H, d. J=14Hz), 2.53(1H, d, J=14H2), 
3.60-3.70(lH, m), 3.96-4.09(lH, m), 4.98(1H, s), 5.G6(1H, s), 7.03(2H, d, J=8Hz), 
7.07(2H, d, J«8Hz), 7.22(1H, t, J=8Hz), 7,41(2H, t, J-8Hz), 7.85(2H, d, J=8Hz), 
8.95(1H, s) 

Mass(ESI-):487(M-H) 
Example 9 

N-(2-Tetrahydropyranyloxy)-2-[l-(5-(4-fluorophenyl)thiophen-2-ylsu]fQnyl^ 
amino)cycloh»q4]acetamide (213 mg) was obtained as an amorphous powder in 
the gimflar manner as in Example 8. 

NMR (CDCy (5 = 1.22-2.05(16H, m), 2,50(1H, d, J=14Hz), 2.62(1H, d, J=14Hz), 
3.51-3.70(1H, m), 3.92-4.08(lH, m), 5.03(1H, s), 5.24(1H, s), 7.03-7.21(3H, m). 
7.48-7.65(3H, m), 8.80(1H. s) 
Mass (ESI-): 495(M-H) 
Example 10 

N-(2-Tetrahydropyranyloxy)-2-[l -(4-(4-fluoropheno5cjr) benzenesulfonjd- 
amino)cyclohexyllacetamide was obtained in the similar manner as in Example 8. 
NMR (CDCy <5=1.24-1.97(16H. m), 2.50(1H, d, J-=14Hz), 2.60(1H. d, J=14Hz), 
3.95-4.10(lH, m). 5.01(1H, s), 5.04(1H, s), 6.90-7.17(6H, m), 7.28-7.40(lH. m), 
7.85(2H, d. J=8Hz), 8.93(1H, s) 
Mass(ESI-): 505(M-H) 
Example 11 
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N-(2-TetrahydiX)pyran3^o:qr)-2-[l-(4-methQxybenzmsulfon3iair^ 
cyclohecj4]acetaimde was obtained as an amorphous powder in the similar 
manner as in Example 8. 

NMR (CDCI3) d=1.12-2.00(16H, m). 2.42-2.66(2H. m). 3.53(1H, m), 3.87(1H, s), 
3.96^.12(1H, m), 4.90(1H. s). 5.06(1H, s), 6.96(2H, d, J=8Hz), 7.84(2H, d, J-8Hz), 
8.98(1H, s) 

Mass (ESI-): 42S(M-H) 
Ebcample 12 

N-(2-Tetrahydiopyran3d03C5^-2-[4-(4-iflleiia3Qrb^ 
tetrahydropyran-4-3d]acetamide was obtained in the similar manner as in 
Example 8. 

NMR (CDCy <S =1.46-2.02(10H, m), 2.55(2H, dd. J=10, 12Hz), 3.30-3.74{6H. m), 
3.95-4.10(lH, m). 5.20(1H. s). 7.02(2H, d, J=8Hz), 7.07(2H. d. J-8H2), 7.22(1H. t, 
J-8HZ), 7.40(2H, t, J=8H^. 7.84(2H, d, J=8H2}. 8.82(1H. s) 
Mass (ESI-): 489(M-H) 
Example 13 

To a solution of N-(2-tetrahydropyran54o3cy)-2-(4-amino-l-ben2yl- 
03^carbanylpiperidin-4-yl)acetamide (150 m^ in N,N-dimethylformamide (3 ml) 
Awas added l-hydT03cybenztriazole (38 mg) and l-(3-dimethyl-aminopropyl)-3- 
ethylcarbodiimide (54 mg) at ambient temperature and the reaction mixture was 
stined at ambient temperature for 24 hours. The mixture was poured into water 
and was extracted with ethyl acetate. The organic layer was washed with 
saturated aqueous sodium hj^Jrogencarbonate and brine, dried over anhydrous 
magnesium sulfate and concentrated in vacuo. The crude product was pvuified 
by column chromatography on silica gd 60 (10 g) using 1% methanol-chloroform 
to give N-(2-tetrahydropyranyl03qr)-2-[l-ben2yloxycarbony-4-(4-phenoscybenzayl- 
amino)pq>eridin-4-yl]acetamide as a\(^3ibe amorphous (80 m^. 
NMR (CDCy (S=1.60(br, 2H), 1.67-1.85tm. 6H); 2.42(br d, J=15Hz, 2H), 2.77(dd, 
J=12.5. 12.5Hz, 2H), 3.24(br t. J=12.5Hz. 2H), 3.41-3.48(br, IH). 3.75-3.91(br, 
4H), 4.82(s. IH), 5.13(s. 2H), 6.06(s, IH). 6.98-7.04(m, 4H). 7.29-7.39(m, 7H), 
7.70(d, J=8.0Hz, 2H), 8.S0(s, IH) 
MASS (ESI): 586.6 (M-H) 
Example 14 
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N-(2-Tetrahydropyranylo?^-2-| l-benzylDxycarbo^ 
tiuophen-2-ylcarbonylamino)piperidin-4-yl]ace (100 was obtained as a 

v/hite amorphous from N-(2-tetrahydropyranyl-a3Q^-2-(4-amino-l-benzylox^^ 
carbonylpiperidin-4-yl)acetamide (100 mg) was obtained in the similar manner as 
in Example 13. 

NMR pMSO-dfi) d =1.46(br s, 2H), 1.60(br, 6H), 2.40-2.44(m, 2H), 2,53-2.62(m, 
2H), 3.15(br, 2H), 3.35-3.43(m, IH), 3.71-3.76(m, 2H). 3.82-3.90(m, IH), 4.76(s, 
IH), 5.08(s, 2H), 7.25-7,36(m, 6H), 7.51(d, J=3.0Hz, IH), 7.72-7.77(m, 2H). 7.84(s, 
1 H), 7.88(d. J=3.0Hz, IH) 
MASS (ESI): 594.3 (M-H) 
Example 15 

N-Benzylo3qr-3-(4-phenoxybenzoylamino)-3-e&3dvalerainide was obtained in 
the similar manner as in Elxample 13. 

NMR pMSO-de) (y=0.88(t, 6H, J=8Hz), 1.87{q, 2H, J=8H2), 1.91(q, 2H, J=8Hz), 
2.54(s, 2H), 4.84(s, 2H), 6,73(bs, IH), 6.95-7.08(m, 4H). 7. 17(dd, IH, J=9Hz, 9Hz), 
7.27-7.41{m, 7H), 7.71(d, 2H, J=9Hz), 8,62(bs, IH) 
MS(ES-)=445 
Example 16 

N-Ben2gdo>qr-2-(l-{4-pheno3grbenzenesiilfanylar^ 
was obtained in the similar manner as in Ebcample 8. 

NMR (CDQa) (y=1.52-2.44(m, 6H), 2.60(s, 2H), 4.77(br, IH), 4.92(s, IH), 5.50(s, 
IH), 6.89-7.49(m, 12H), 7.80(d, 2H, J=8Hz), 8.71(bs, IH) 
MS (ES-): 465(M4) 
Example 17 
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To a solution of 4-(4-methylphenaxy)beiizenesulfonyi chloride (124 and 
N,N-diisopropylethylamine (57 mg) in didbloromethane (1 ml) was added the N- 
[2~(l-aininoq^ohexyl)acetyl]hydro3qrla^ 2-chlorotrityl resin (100 mg) and 
^lafcen for 24 hours, the re^ filtered and washed successivety witii 20% 
piperidine in N,N-dimethylforniaiiiide, N,N-dimetii5^ormamide, methanol and 
dichloromethane each three times. N-[2-ll-{4-(4-Methylphena3Q0ben23ene- 
sulfon3damino}<g^ohexy]acetyllhydix^ 2-chlorotrityl resin was suspended 

in a S% trifluoroacetic add in dichloromethane for 1 hoiir. After draining the 
resin, it was washed successively with a S% trifluoroacetic add in 
dichloromethane and didiloromethane several times. The filtrate was 
concentrated in vacuo to give N-hydra3gr-2-[l-{4-(4-meth5iphenaxy)benzene- 
sulfon;0amino}cyclohex)d]acetamide as a yellow oil (44 m^. 

NMRpMSO-dJ fi=1.15-1.29(m, 6H), 1.45-1.52(m, 2H), l,77-1.82(m, 2H), 2.19(s, 

2H), 2.32(s, 3H), 7.00-7.06(m, 4H), 7.26(d, J=8.0Hz, 2H), 7.35(s, IH), 7.80(d, 

J=8.0Hz, 2H) 

MASS (ESI): 417.2 (M-H) 

Example 18 

N-Hydroxy-2-[l-(4-phenylthiobenzenesulfQnylamino)cydohe5cyl]acetarm 
(40 mg) was obtained as a white amorphous in the similar manner as in Example 
17. 

NMR(DMSO-dJ <5=l.ll-1.26(m, 6H), 1.41-1.48(m, 2H), 1.73-1.78(m, 2H), 2.17(s. 
2H), 7.28(d, J=8.0Hz, 2H). 7.42-7.46(m, 6H). 7.74(d, J=8.0Hz, 2H), 8.79(s, IH) 
MASS (ESI): 421.0 (M-H) 
Example 19 

N'Hydroxy-2-1 1 44-(4-bromophenoxy)beiizenesulfonylaniino}- 
cydohexyllacetamide (35 m^ was obtained as a white amorphous in the similar 
maimer as in Elxample 17. 

NMR pMSO-d^ fi=1.76-1.93(m, 6H), 2.11(br. 2H), 2.38-2.43(m, 2H). 2.82(s, 2H), 
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7.78-7.75(m. 4H), 8.02(s. IH), 8.25(d. J=8.0Hz. 2H), 8.46(d, J=8.0Hz, 2H), 9.44(s, 
IH) 

MASS (ESI): 483 (M-H) 
Example 20 

N-Hydro3Qr-2-[l-(2-pheno5cypyridin-5-ylsuIfonylamino)cyc^^ 
was obtained as ayellow oil in the similar manner as in Example 17. 
NMR pMSO-de) 5=1. 23-1. 37(m, 6H), 1.47-1.55(m, 2H), 1.78-1.84(m, 2H), 2.21(s. 
2H), 7.20(br d, J=8.0Hz, 2H). 7.27(dd. J=8.0, 8.0Hz, IH), 7.46(dd. J=8.0, 8.0Hz, 
~ ^ 2H). 7.53(brs, IH), 8.22(br d. J=8.0Hz, 2H), 8.54(bf, IH). 8.80(br, IH) 
MASS (ESI): 404.2 (M-H) 
Example 21 

N-Hydi03qr-2-[l-{4-(4-<yanophenojQ^benzenesulfonylamino}- 
cyclohe;Qd]acetamide (78 was obtained as a vdiite amorphous in the similar 
maimer as in Exanqile 17. 

NMR pMSO-dJ d=1.29(br, 6H), 1.46-1.54(m, 2H), 1.78-1.85(m, 2H), 2.21(s. 2H), 
7.23-7,29(m, 4H), 7.77-7.80(m, 4H), 10.44(s. IH). 
MASS (ESI): 428.1 (M-H) 
Example 22 

N-Hydra3q^-2-[l-(3-fluoro-4-pheno3grt3enzenesulfon5dainino)cydohe3cy^^ 
acetamide (45 mg) was obtained as a vibite amorphous in the similar manner as in 
Ebcample 17. 

NMRPMSO-dJ 8= 1.15-1.32(m, 6H), 1.48-1.56(m, 2H), 1.81-1.86(m, 2H), 2.20(s, 
2H), 7.10(d, J=7.0Hz, 2H), 7.10-7.16{m, 2H), 7.42-7.49(m. 3H), 7.65(d, J=8.0Hz, 
IH), 7.82(d, J=8.0Hz, IH), 8.80(s, IH) 
MASS (ESI): 421.1 (M-H) 
E^cample 23 

N-Hydxoxy-2-[ l-(4-(naphthalen-2-34o3cy)benzenesulfonylamino}- 
cyclohejcyljacetamide (3 1 mg) was obtained as scv^aibs amorphous in the similar 
manner as in Example 17. 

NMRpMSO-dJ 5=1.17-1.31(m,6H), 1.46-1.54(m,2H), 1.80-1.86(m, 2H), 2.21(s, 
2H), 7. 18(d, J=7.0Hz. 2H). 7.30-7.37(m, 2H), 7.46-7.57(m, 3H), 7.83-7.87(m, 3H), 
7.95(d,J=7.0Hz, IH). 8.03(d. J=7.0Hz, IH), 8.81(s, IH), 10.44(s, IH) 
MASS (ESI): 453. 1 (M-H) 
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To a solution of 4-pheno3grbenzoic add (189 mg) in N,N-dimethyl-fonnamide 
(3 ml) were added l-hydraxybenzotriazole (1 19 and 1,3- 
diisopropylcarbodiimide (111 mg) at ambient temperature and the mixture was 
stirred at ambient temperature for 30 minutes. To the solution was added N-[2- 
(l-aminocyclohejQdjacetjdpiydroxylamine 2-chlorotrityl resin (200 mg) and shaken 
for 24 hours. N-[2-{l-(4-phena3ybenzoylaniino)cydohe?cyrI}acetyl]hydra3^ 
2-chlorotrityl resin was filtered and washed with N,N-dimethylfonnamide, 
methanol and dichloromethane each three times. The resin was su^ended in a 
5% txifluoroacetic acid in dichloromethane for 1 hour. After draining the resin, it 
was washed with a 5% trifluoroacetic add in dichloromethane and 
dichloromethane several times. The filtrate was concentrated in vacuo to give N- 
hydro^-241-(4-phenoxybenzpyiamino)cydohe3qrl}acetamide as a white 
amorphous (84 m^. 

NMR pMSO-de) fi=1.23-1.26(m, 2H), 1.46(br, 8H), 2.35-2.39{m, 2H), 7.02- 
7.08(m, 3H), 7.19(dd, J=7.0, 7.0Hz. IH), 7.42{dd, J=7.0, 7.0H2, 2H), 7.73(s, IH), 
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7.82(d, J=7.0Hz, 2H). 8.71(s. IH) 
MASS (ESI): 367.2 (M-H) 
Example 25 

N-Hydro3Q'-2-[l-(4-phen3dthiobenzo3daiiaino)(ydohexyllacet^ was 
obtained in the similar manner as in Example 24. 

NMR (CDCy i5 = 1 . 15-2.20(m, lOH), 2.48(d. 2H, J-lOHz), 7.28(d, 2H, J=9Hz). 
7.33-7.90(m, 7H), 10.4 l(bs, IH) 
MS (ES-): 383 (M-H) 
Example 26 

N-Hydro3cy-2Hl-(4-benzo3«benzoyiamino)cydoh^ (40 mg) was 

obtained as ayellow oil in the similar manner as in Example 24. 
NMR pMSO-dJ «=1.17-1.63(m, lOH), 2.36(s. 2H). 7.58(dd, J-8.0. 8.0Hz, IH). 
7.68-7.95(m, 8H) 
MASS (ESI): 379.2 (M-H) 
Example 27 

N-Hydroxy-2-[l-{5-(4-<Worophen3d)furan-2-ylcaibon3damino}- 
cydohogdlacetamide (40 m^ was obtained as a vAate amorphous in the similar 
manner as in Example 24. 

NMRPMSO-de) 5=1.36-1.48(m, lOH), 2.35-2.42(m. 2H), 7.15-7.16(m, 2H), 
7.54(d. J=7.5Hz, 2H), 7.9 l(d, J=7.5Hz. 2H). 7.98(s. IH) 
MASS (ESI): 375.2 (M-H) 
Example 28 

N-Hydro5cy-2-{l-(4-nitrobenzpyiamino)cydohe3cyl} acetamide (39 mg) was 
obtained as a white amorphous in the similar manner as in Example 24. 
NMRpMSO-d^ <5=1.23-1.48(m, lOH), 2.36{br s. 2H). 7.86(br. IH), 7.99(d. 
J=7.5Hz. 2H), 8.29(d, J=7.5Hz, 2H). 10.41(br s, IH) 
MASS (ESI): 320.1 (M-H) 
Example 29 

N-Hydro3gr-2-[ l-{4-(p3aidin-4-ylaxy)benzoylamino)cyclohe3Qilacet^ (46 
m^ was obtained as a yeUow oil in the similar manner as in Example 24. 
NMR pMSO-dd (J =1.22-1.48(m. lOH), 2.50(br. 2H), 7.36-7.39(m, 4H), 7.88(br s. 
2H). 7.97{d, J=7.5Hz, 2H), 8.71(d. J=5.0Hz, 2H). 10.45(s, IH) 
MASS (ESI): 368.2 (M-H) 
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Example 30 

N-Hydroxy-2-(l-(4rbromobenzoylainino)cyd^ (36 mg) was 

obtained as ayellow oil in the similar manner as in Example 24. 
NMR pMSO'Cy (5 =1.22(br s, 2H), 1.46(br, 8H), 2.35(br, 2H), 7.65(d, J=7.5Hz, 2H), 
7.72(d, J=7.5H2. 2H). 7.85(br s, IH) 
MASS (ESI): 355.23 (M+H) 
Example 31 

N-Hydroxy-2-[144-(4-fluorophena3gr)beiizqylainino}c^ (38 
mg) vras obtained as a yellow oil in the similar manner as in Example 24. 
NMR pMSOdJ <5=1.23(br s, 2H), 1.46(br, 8H), 2.35-2.47(m, 2H). 7.02(d, 
J=7.5Hz, 2H), 7.10-7.26(m, 2H), 7.71-7.83(m. 4H), 10.43(s, IH) 
MASS (ESI): 387.2 (M+H) 
Example 32 

N-Hydn»cy-3-(4--phenQxybenzenesiilfonyl^^ was obtained 

from N-(2-t}etrahydn>pyranylo3g^-3-aminopropi as a powder in the similar 

manner as in Ebcample 38 as mentioned below. 

NMR pMSO-dJ iS=2. 14(2H, t, J=7Hz), 2.92(2H, dd, J=7, 8Hz), 7. 12(2H, d. J=8Hz), 
7.18(2H, d, J=8H2), 7.26(1H, t, J=8Hz), 7.47{2H, t, J=«Hz), 7.62(1H, t, J=8Hz), 
7.78(2H, d, J=8Hz), 8.77(1H, s) 
Mass (ESI-): 335(M-H) 
Example 33 

N-Hydro3g^-3-(4-phena3Q^enzmesulfonylamino)-3-c^ 
was obtained from N-(2-tetrahydropyranyloxy)-3-amino-3-cyclohexyipropion- 
amide in the gimilar manner as in Ebcample 38. 

NMR (CDCy 5=0.57-1.77(1 IH, m), 2.19-2.46{2H, m), 3.42-3.59(lH. m), 6.02- 
6.18(1H, m), 6.90-7.11(4H. m), 7.21(1H, t, J=8Hz), 7.38(2H, t, J=8Hz), 7.82(2H, t, 
J=8Hz), 9.23(1H, s) 
Mass (ESI-): 4 17(M-H) 
Example 34 

N-(2-Tetrahydropyranyloxy)-2-[4-(4-phenoxybenzenesulfonyl)-aiiiino- 1 - 
methansulfonylpiperidin-4-yl]acetanude was obtained in ttie similar manner as in 
Preparation 2-2. 

NMR (CDQa) <5=1.45-1.82(8H, m), 1.98-2.08(2H, m). 2.29(2H, s). 2.64-2.78(2H, 
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m). 2.75(3H, s), 3. 12-3.22(2H, m), 3,45-3.53(lH, m), 3.85-3.96(lH, m), 4.81(1H, s), 
7. 12(4H, d, J=8Hz), 7.26(1H, t, J=8Hz), 7,47(2H, t, J=8Hz), 7.54(1H, s), 7.85(2H, d, 
J=8Hz), 8.32(1H, s) 
Mass (ESI-): 566(M-H) 
Example 35 

To a solution of N-(2rtetrahydropyranyloxjr)-2-^4-(4-phenoxy- 
benzenesxilfonylainino)piperidin-4-y (100 in CHCI3 (2.0 ml) were 

added Et3N (20.7 m^ and t-butyl isocyanate (24.3 mg) at room temperature. 
After being stirred for 10 hoiirs, the solution was concentrated in vacuo. Tbe 
residue was dissolved in AcOEJt and the solution was washed with 1% aqueous 
citric add solution, sat NaHCOa solution and brine, dried over Mg3b4 and 
concentrated in vacuo. TheresiduewasptuifiedbysilLca gel column 
chiomatog^hy (duent CHCI3) to gLve N-(2-tetrahydropyranylQ3cy)-2-{l-(N-t- 
butylcarbamo;^)-4-(4-phena>Qi3enzenesulfonylamino)pi^^ 
(100 mg) as an amorphous. 

NMR (CDCy d = 1.26-2.04(19H, m), 2.43-2.57(2H, m), 2.95-3.29 (6H, m), 
4.02(1H, dd. J- ), 7.01-7.09(4H, m), 7.24(1H, dd, J=7, 7Hz), 7.42(2H, dd, J=8, 8Hz), 
7.85(2H, d. J=9Hzi 
ESI(-): 587(M.H) 
Ebcample 36 

To a solution of N-(2-tetrahydn^yranyloxy)-2-[4-(4-phena>cjr- 
benzenesulfonylainino)p5)eridin-4-yl]acetamide (150 in 1,2-dichloromethane 
(4 ml) were added triethylamine (37 mg) and acetylchloride (52 mg) at 0**C and the 
mixture was stiired at ambient temperature for 24 hours. The reaction mixture 
was poured into water and was extracted with ethyl acetate. The organic layer 
was washed with 10% aqueous citric add solution and brine, dried over 
anhydrous magnesium sulfate and concentrated in vacuo to give N-(2- 
tetrahydropyranyloxy)-2-[ 1 -benzoyl-4-(4-pheno3Qi)enzenesulfonyl- 
amino)piperidin-4-yl]acetamide as a white amorphous (135 mg). 



NMR (CDCy <S=L60(br, 8H), 1.77-1.83(m, 2H), 2.05(s, 2H), 3.43-3.64(m, 2H), 
4.00{br, 2H), 5.00(s, IH), 5.29(s, IH), 6.00(s, IH), 7.00-7,09(m, 4H). 7.30-7.44(m, 
8H), 7.80-7.88(m, 2H), 8.82(s, IH) 
MASS (ESI): 592.5 (M-H) 
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Eixample 37 

N-(2-Tetrahydropyranyloxy)-2-(l-(N,N-dimeth3dcaitoamoyl)^(4-phOT 
benzenesulfonyiaiiiino)piperidin-4-3dlacetaiiude (160 was obtained from N-(2- 
tetrahydropyranyloxy)-2-[4-(4-phaio:g^benzene-sulfanylamm 
jijacetamide (140 as a yellow ofl in the similar m a n ner as in Example 36. 
NMR (CDQa) 5= 1.61-1.85(m, 8H). 1.92-1.99(m. 2H), 2,42-2.55(m, 3H), 2.77(s, 
6H), 2.85-3.00(m, 2H). 3.18-3.27(m, 2H), 3.60-3.66(m, IH), 3.96-4.04(m, IH), 
7.00-7.08(m, 5H). 7.41(dd, J=7.0, 7.0Hz, 2H). 7.83(d, J=7.0Hz, 2H), 8.92(s. IH) 
MASS (ESI): 559.4 (M-H) 
Ebcample 38 

To a sdution of N-(2-t)etrahydrapyranyl<»q^-2-{4-(4-phenoDgfbenzene- 
sulfonyiamino)piperidin-4-3^acetamide (100 mg) in CHCl3(2.0 ml) were added 
EtgN (24.8 mg) and benzenesulfbnyl chloride (54.1 m^ at room temperature. 
After being stirred fiar 10 hours, the solution was concentrated in vacuo. The 
residue was dissolved in AcOEt, the solution was vt/ashed with 1% aqueous dtric 
add solution and brine, dried over MgS04 and concentrated in vacuo. 

To a soluti<ni of this residue in MeOH (2 ml) was added a 10% HQ in MeOH (1 
ml) at room temperature. After being stirred for 1 hour, the solution was 
concentiated in vacuo. The residue was purified by silica gel column 
chromatography (10% MeOH in CHCy to give N-hydra3cy-2- {1-benzenesulfonyl- 
4-(4-pheno3cybenzenesulfonylamino)piperidine-4-y^acetamide (10 mg) as a power. 
NMR (CDQa) <5 = 1.55-1. 65(4H. m), 2.25-2.39(2H, m), 2.49(2H, br.s). 3.10-3.20(2H, 
m). 6.86(2H, d. J=8Hz), 7.13(2H, d. J-8Hz), 7.28(1H, dd, J=7. 7Hz). 7.40-7.55(9H, 
m) 

ESI(-): 544(M-H) 
Example 39 

N-Hydro3^-2-(l-cydopropylcarbonyl-4-(4-phena3cybenzenesulfonylamino)- 
piperidin-4-yI}acetamide (10 mg) was obtained from N-(2-teti:ahydropyranylo3cy)- 
2-{4-(4-pheno3grbenzenesulf(OTylamino)piperidin-4-y^cetaniide (100 m^ in the 
■«dmiiar manner as in Example 38. 

NMR (CDQa) fi=0.69-O.71(2H. m), 0.89-0.91(2H, m), 1.59-1.79(5H. m), 2.2(1H, 
br.s), 2.52(1H, br.s), 2.65-2.71(2H, m). 3.70-3.82(2H, m), 6.37(1H, br.s), 6.99- 
7.09(4H, m), 7.21(1H, dd, J=7, 7Hz), 7.42(2H, dd, J-8, 8Hz), 7.83(2H, d, J=9Hz) 
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ESI(-): 472(M-H) 
Example 40 

To a solution of N-{2-tetrahydropyranylo3qr)-2-{4-(4-phenoxybenzene- 
sulfonylaiiiino)piperidin-4-5i}acetaimde (100 mg) in CHCI3 (2.0 ml) was added EtgN 
(20.7 mg) and ethyl isocyanate (17.4 mg) at room temperature. After being stirred 
for 10 hours, the solution was concentrated in vacuo. The residue was dissolved 
in AcOEt and the solution was washed with 1% aqueous citric add solution and 
brine, dried over MgS04 and concentrated in vacuo. 

To a solution of this resddue in MeOH (2 ml) was added a 10%Hain MeOH (1 
ml) at room temperature. Afber being stirred for 1 hour, the solution was 
concentrated in vacuo. The residue was purified siUca ^ column 
chromatography (10% MeOH in CHCy to give N-hydnixy-2- {l-(N-ethyl- 
carbamoyl)-4-(4-phenaxybenzenesu]f6nylamino)p^)eridi^ (13.6 

m^ as a power. 

NMR (CDaa) fi-1.07(3H, dd, J=7.5. 7.5Hz), 1.55-1.65(4H, m), 2.59(2H, br.s). 
2.86-2.94(2H. m), 3.16-3.20(2H. m), 3.32-3.37(2H. m), 6.96-7.07(4H. m), 7.21(1H. 
dd. J=7, 7Hz), 7.40(2H, dd, J=8, 8Hz), 7.81{2H. d, J=9Hz) 
ESI(-): 472(M-H) 
Example 41 

A solution of hydro:qrlamine in methanol (1.7 M, 1.1 ml) prepared as 
described in Pieser and Fieser, Vol 1, p 478) was added to a solution of methyl 2- 
[4.(4.phenajgrbenzenesulfonylamino)tetrahydrotiiiopyran-4-34]acetate (100 mg) at 
ambient temperature. After stirring for 5 hours, the mixture was acidified with 
IN hydrochloric acid and concentirated. The residue was exti^ed with ethyl 
acetate. The separated organic phase was washed with brine, dried over sodiimi 
sulfate and evaporated in vacuo. The obteined oil was purified by preparative thin 
layer chromatography with 10% methanol in dhloroform and triturated with 
diisopropjd ether to give N-hydro3«y-2-[4-(4-phenoxybenzenesu]fonylamino)- 
tetrahydrothiopyran-4-yl]acetamide (16 m^ as a powder. 

NMR pMSOde) (5=1.84(2H. t, J=12Hz), 2.05-2.23(4H, m), 2.76-2.91(2H, m). 
2.63(2H, t. J=12Hz), 7.12(4H. d. J=8Hz). 7.25(1H. t, J=8Hz), 7.40-7.53(3H. m). 
7.85(2H, d, J=8Hz), 8.85(1H. s) 
MassESI(-): 421(M-1) 
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E^sample 42 

N-Hydro3Q'-2-[ l-axD-4-(4-phena?qrbe3izenesulfonylamino)tetr^ 
tiiiopyran^yl)acetamide was obtained in the similar manner as in Estample 41 . 
NMR pMSO(y 6 =1.89-2.40(5H. m), 2.40-2.70(lH, m), 2.90-3.05(4H, m), 
7. 14(4H, d, J=8Hz), 7.25(1H, t. J"8Hz). 7.47(2H. t. J=8Hz), 7.77(1H, s). 7.85(2H. d, 
J=8Hz), 8.86{1H, s) 
MassESI(-):437(M-l) 

Example 43 

To a scdutiro of N-(2-tetialiydK|>y^ 
sulfonjtoinojcyclohexjdlacetamide (120 mg) in MeOH (4 ml) was added 10% HQ 
inMeOH(lml)atroomtraiperature. After being stirred fior 30 minutes, tbe 
solution was concentiated in vacuo. Hie residue was purified by SiOj column 
cimjmatDgraphy (eluent 1% MeOH in CHCy to give N-hydroxy-2-[l-(4-phenajQr- 
benzenesulfonylaixiino)qyckihexyl]acetaniide (80 m^ as an amotphous powder. 
NMR (CDCy 6 =0.98-1.96(10H. m). 2.56(2H, s), 6.14(1H. s), 7.00(2H. d, J=8Hz), 
7.05(2H, d, J=8Hz), 7.22(1H, t, J-8Hz), 7.40(2H, d. J=8Hz), 7.85(2H, d, J=8Hz), 
8.98(1H, s) 

Mass (ESI+): 405^+H) 
Example44 

N-Hydro3cy-2-[l-(5-(4-fluorophenyl)tMophen-2-ylsulfon3damino)cydohaqrl]- 
acetamide (68 mg) was obtained as an amotphous powder in the similar marmer 
as in Example 43. 

NMR (CDCI3 DMSO-dg) «5=1.15-2.05(10H. m), 2.58(2H. s), 6.17(1H, s), 7.00- 
7. 19(3H, m), 7.47-7.63(3H, m) , 8.80(1H, s) 
Mass (ESI-): 391(M+H) 
Example 45 

N-Hydroxy-2-[l-(4-(4-fluoropheno3q^ben2enesulfijnylainino)cyclohe3q?ll- 
acetamide was obtained in the similar maimer as in Example 43. 
NMR (CDQa) fi=1.16-1.42(6H. m). 1.48-1.90(4H. m). 2.56(2H. ^, 6.00(1H, s), 
6.89-7. 18(6H, m). 7.84(2H, d. J=8Hz), 8.86(1H. brs) 
Mass (ESI-): 421(M-H) 
Example 46 

N-HydrT33Qr-2-[ l-(4-methoxybenzensulfonylaiiiino)cydohexyl]acetamide (120 
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mg) was obtained as an amorphous powder in the similar maimer as in Example 
43. 

NMR (CDCI3) d=1.02-1.68{8H, m). 1.65-1.90{2H, m), 2.17(2H, s), 3.82(3H, s), 
7.08{2H. d, J=8Hz), 7.28(1H. s), 7.76(2H, d. J=8Hz). 8.82(1H, s), 10.4(1H. s) 
Mass (ESI-): 341 (M-H) 
Example 47 

N-Hydraxy-2-[l-N-methyi-N-{4-pheno:q^berrzenesulfonylamino)cyclohe>q41- 
acetamide (160 mg) was obtained as an amorphous powder in the similar manner 
as in E^jcample 43. 

NMR (CDCy 5-1.30-1.64(6H. m), 1.96-2.14(4H, m), 2.78(3H, s), 2.82(2H, s). 
7.03(2H, d, J=8Hz). 7.07(2H, d, J=8Hz), 7.23(1H, t, J-8Hz), 7.42(2H. t, J=8Hz). 
7.79(2H, d, J=8Hz). 9.28(1H, ^ 
Mass {ESI+): 419(M+H) 
Elxample48 

N-Hydrosy-2-[4-(4-phenajQ^lienzenesulfanylamino)tetrah 
acetamide was obtained in the similar manner as in Ebcample 43. 
NMR pMSO-dfi) a=1.60-1.95(4H, m). 2.25(2H, s). 3.20-3.55(4H, m), 7.10(2H, d, 
J-8Hz), 7.14(2H, d, J=8Hz), 7.25(1H, t. J=8Hz), 7.48(2H, t. J-SHzJ, 7.54(1H, s), 
7.83(2H,d, J=8Hz), 10.4(1H, s) 
Mass (ESI-): 405(M-H) 
Example 49 

N-Hydro3y-244-{4-pheno3cybenzoylamino)tetrahydropyran-4-y]}-acetamide 
(0.40 g) was obtained in the gimit ar maimer as in Example 43. 
NMR (DMSO-dfi) (5=1.61-1.71(2H, m), 2.36-2.40(2H, m), 2.54(2H, s), 3.55- 
3.65(4H, m), 7.02-7.08(4H, m), 7.20(1H, dd, J=7. 7Hz), 7.43(2H, dd, J=8, 8Hz), 
7.85(2H, d, J=9Hz), 8.69(1H, s) 
ESI(-): 369(M-H) 
Example 50 

N-Hydro5^-2-[l , l-dioKO-4-(4-pheno3qrbenzenesulfonylamino)tetrahydro- 
thiopyran-4-yllacetamide was obtained in tiie similar manner as in Example 43. 
NMR pMSO-dfi) d =2. 14-2.40(6H, m), 2.90-3.06(4H, m). 7. 15(4H, d, J=8Hz), 
7.25(1H, t, J=8Hz). 7.46(2H. t. J=8Hz), 7.79(1H, s), 7.86(2H, d, J=8Hz) 8.87(1H, s) 
MassESI(-):4S3(M-l) 
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Example 51 

N-Hydro?gr-2-[4-(4-pheno>ybeii25enes\ilfra l-benzyloxycarbonyl- 
piperidin-4-yl]acetainide was obtained in the similar manner as in Example 43. 
NMR (CDQa) fi=L46-1.72(2H, m), 1.89-2. 17(2H, m), 2.40-3.06(4H, m), 3.44- 
3.67(2H, m), 5.04(2H, s), 6.28(1H, s), 6.97(2H, d, J=8Hz), 7.05(2H, d, J«8Hz). 
7.15-7.47(8H, m), 7.80(2H, d, J=8Hz), 8.98(1H, s) 
Mass(ESI-): 538{M-H) 
Example 52 

N-H3^droxy-2-[4-^4-phdi^^ 
hydrochloride was obtained in the sinular manner as in Elxample 43. 
NMR (CDOg DMSO-de) <5 =1 .78-2.28(6H, m), 2.67-2-90(2H, m), 2.95-3. 12(2H, m), 
7.12(2H, d, J=8Hz), 7.14(2H, d, J=8Hz), 7.28(1H, t, J=8Hz), 7.47(2H, t, J-8H2), 
7.85(2H, d, J=8Hz), 8.48-8.64(lH, m). 8.88-9.00(lH. m) 
Mass (ESI+) : 406(M4-H) 
Example 53 

N-Hydra>y-2-[4-(4-phena3g^enzenesulfonylamino)- 1-methansulfonyl- 
piperidin-4-yllacetamide was obtained in the similar manner as in Example 43. 
NMR pMSO-dfi) <S=1.70-1.85{2H. m), 1.96-2.08(2H. m), 2.24(2H, s), 2.65- 
2.80(2H, m), 2.76(3H, s), 3. 12-3.24(2H, m), 7. 12(4H, d, J=8Hz), 7.26(1H, t, J=8Hz), 
7.47(2H, t. J=8Hz), 7.58(1H, s), 7.84(2H, d, J=8Hz) 
Mass (ESI-): 482(M-H) 
Example 54 

N-HydrQ3Qr-2-{l-(N-t-butylcarbamoyl)-4-{4-phenoxyben2ene- 
s\xlfonylaraino)piperidin-4-yl}acetaniide (14.7 mg) was obtained in the similar 
manner as in Example 43. 

NMR {CDCy fi =1.26-1.72{13H, m), 2.80-2.97(2H, m), 3.06-3.18(2H, m), 3.29- 
3.43(2H, m), 6.96-7.07(4H, m), 7.21(1H, dd, J=7, 7Hz), 7.41(2H, dd, J=8, 8Hz), 
7.79(2H, d, J-9HZ) 
ESI(-): S03{M-H) 
Example 55 

N-Hydroxy-2-(l-benzqyl-4-(4-phena>Qrben2enesulfonylai^^ 
yl]acetamide (65 mg) was obtained as white crystals in the similar manner as in 
Example 43. 
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NMR pMSOdJ (5=1.63-1.71(in, 2H). 1.83-1.97(m. 2H), 2.26(s. 2H), 2.88(br, 
2H), 3.03(br, 2H), 7.10 (d. J=8.0Hz, 3H), 7.22-7.30(m, 3H), 7.40-7.48(m, 5H), 
7.62(s, IH), 7.84(d, J=8.0Hz, 2H), 8.80(s, IH), 10.43(s, IH) 
MASS (ESI): 508.3 (M-H) 
Example 56 

N-Hydro3Q^-2-[l-(N,N-dimeth3icarbamoyl)-4-(4-phmQ3^^ 
aiiimo)piperidin-4-ji]acetaimde (75 mg) was obtained as a w*ite powder in the 
jaiTnilar manner as in Ebcample 43. 

NMR PMSO-dJ fi=1.62(t, J-9.0HZ, 2H), 1.87(br d, J-9.0Hz. 2H). 2.23(s, 2H); 
2.66(s, 6H), 2.7S(t, J-9.0Hz, 2H), 3.1 l(br d, J=9.0Hz. 3H), 7. 1 l(d, J=8.0Hz, 3H), 
7.24(dd. J=7.0. 7.0Hz, IH). 7.42-7.51tm. 3H). 7.83(d, J=8.0Hz, 2H), 8.80(s, IH) 
MASS (ESI): 475.3 (M-H) 
Example 57 

N-Hydi€ocjr-2-[l-ben2yla:^cari3on3d-4-(4-pheno3^enz(qr^^ 
jdjacetamide (40 m^ was obtained as a vrtiUbs amorphous in the similar manner as 
in Example 43. 

NMR pMSCMy d=1.53-1.63(m, 2H), 2.42(br, 2H), 2.5 l(s, 2H), 3.07-3.20(br, 
2H), 3.69-3.74(m, 2H), 5.07(s, 2H), 6.98-7.09(m, 4H), 7.30-7.46(m. 7H), 7.83- 
7.86(m, 2H), 8.70(s. IH) 
MASS (ESI): 502.4 (M-H) 
Example 58 

N-Hydro3cy-2-[l-ben2yloxycarbon34^(5-(4-fluorophenyl)thiophen-2-yl- 
carbonylamino)piperidin-4-yl]acetamide (55 mg) was obtained as a white 
amorphous in the similar manner as in Example 43. 

NMR pMSO-dd 5=1.56-1.65(m, 2H), 2.40-2.46(m, 2H), 2.53(s. 2H), 3.15(br, 
2H), 3.70-3.76(m, 2H), 5.08(s, 2H), 7.26-7.36(m. 5H). 7.51(d. J=3.0Hz, IH), 7.72- 
7.77(m, 2H), 7.89(m, 2H), 8.72(s, IH), 10.43(s, IH) 
MASS (ESI): 5 10.2 (M-H) 
Example 59 

N-Hydroxy-3-(4-phenQxybenzenesu]fionjiamino)-3-ethylvaleramide was 
obtained in the similar manner as in Example 43. 

NMR pMSO-d«) S = 0.69(t, 6H, J-8Hz), 1.46-1.70(m, 4H), 2. 15(s. 2H), 7.05- 
7.14(m. 4H). 7.24(dd, IH, J=9H2, 9Hz), 7.46(dd, 2H, J=9Hz, 9H2), 7.81(d, 2H. 
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J=9Hz) 

MS (ES-): 391 
Example 60 

N-HydrcM{y-2,3-diiiie1hyl-3-(4-phenoixybenzenesulf^ 
was obtained in the similar manner as in Example 43. 

NMR (ClXaa) 6 =0.98(d, 3H, J=7Hz), 1.08(s, 3H), 1.20(s, 3H), 2.25(q, IH), 7.06- 
7.15(m, 4H), 7.25{dd, IH, J=9Hz, 9Hz), 7.47(dd, 2H, J=9Hz, 9Hz), 7.81(d. 2H, 
J=9Hz). 8.86(s, IH) 

MS(ES-):377 ' ' " - 

Example 61 

To a solution of N-ben:gtogr-3-(4-phena^benzcylamino)-3-ethylvaleramide 
(69 m^ was added palladium on carbon (10 m^ and shaken vigproustjrimder 
hydrogen atmosphere (3 atm.) . After 3 hours, the catalyst was removed by 
filtcatian and the solvent was removed vmder reduced pressure. Hie crude 
product was purified with silica gel column chromatography (ehient 1% methanol 
in chloroform) to give N-hydroxy-3-(4-phenoxyben2»ylamino)-3-eth3ivalerainide. 
NMR pMSO-dJ 5=0.69(t, 6H, J=8Hz), 1.46-1.70(m, 4H), 2. 15 (s, 2H). 7.05- 
7. 14(m. 4H). 7.24(dd, IH, J=9Hz, 9Hz). 7.46(dd. 2H, J=9Hz. 9Hz), 7.81(d, 2H, 
J=9Hz) 
MS (ES-): 445 
Example 62 

N-Hydro:Q^-2-( l-(4-pheno3{ybenzenesulfonylainino)cyclobutyl)aoetamide was 
obtained in the similar manner as in Example 61. 

NMR pMSO-de) (5=1.48-1.65(m. 2H). 1.90-2.04(m, 2H), 2.06-2.20(m, 2H). 
2.35(s, 2H), 7. 10(d, 2H, J=8Hz), 7. 14{d. 2H, J=8Hz), 7.25(t, IH, J=8Hz), 7.47(t. 2H, 
J=8Hzi. 7.75(s, IH), 7.83(d. 2H, J=8Hz), 8.83(s, IH), 10.43(s, IH) 
MS (ES-): 375(M-1) 
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CLAIMS 

A compound of the fonnula (I): 



R^ X Y N Z-CONH-R® (I) 



3 



R2 R 



wherein 

is halogen, nitro, lower sOsoxy, optionally substituted aiyU»qr, aiylthio, 
arpyl, heterocyclic-OKy, optionally substituted aryl or optionally substituted 
heterocyclic group; 

is hydrogen or halogen; 

ishydrc^pnorloweralkyl; 
and R^ are independentiy hydrogen, lower alkyl, or lower cydoalkyl, or R^ and R^ 
are combined together to form lower alkyiene, which is optionally iaterrupted by 
o?^en, sulfur, sulfinyl. sulfonyl or optionally mono-substituted nitrogen; 
R^ is hydnwcy or protected hydrojqr, 
X is aryl or heterocyclic group; 
Y is carbonyl or sulfonyl; and 

Z is lower alkyiene; 

or a pharmaceutically acceptable salt thereof. 



2. The compoimd of claim 1 , wherein 

R^ is halogen, nitro, lower alknxy, Ce-Cio aiyloxy optionalty substituted by at 
least one group selected from the group consistirig of halogen, cyano, nitro, amino, 
acylamin, lower alkyiamino, carbamoyl, hydrojqr, lower alkoxy, Cg-Cio aiyioxy, 
lower alkyl, Ce-Cio aiyi and heterocydic-oxy, Cg-Cio arylthio, Cg-Cio aroyl, 
heterocyclic-03Qr, Cg-Cio aryl optionally substituted by at least one group selected 
from the group consisting of halogen, cyano, nitro, amino, acjiamino, lower 
alkylamino, caibamoyl, hydro3^, lower alkoxy, Cg-Cio aiylo^q^, lower alkyl, C^-Cio 
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aiyl and heterocydic-oxy, or heterocyclic group optionally substituted by at least 
one group selected from the group consisting of halogen, cyano, nitro, amino, 
acylamino, lower alkylanmio, carbamoyl, hydroxy, lower aJkoxy, Cg-Cio aijdoxy, 
lower alkyl, Cg-Cio aryl and hetserocydic-ajgr; 

R* and are independently hydrogen, lower aflcyl, or lower cydoalkyl, or R* and 
are combined togettier to form lower alkylene, which is optionally interrupted by 
oxygen, sulfur, sulBnyl, sulfonyl or imino, wherein the imino is optionally mono- 
substituted by a group of Q-Cio ar(lowei)alkaxycarbonyl, lower alkylsulfonyi, Cg- 
Cio aiylsulfon3d, Cs-Cjo aro^, mono(lower)alkylcarbamoyl, di{lower)alk^carbampyl 
or lower qydoallQdcarbonyt 

R® is hydroxy, tetrahydropyranyloxy or Q-Cio aiyl(lower)alka?gr; and 
X is Cfi-Cio aiyl or heterocyclic group, 

said heterocyclic group being 

unsaturated 3- to 8-membered, heteromonocydic group containing 1 to 4 nitrogen 
atoms, 

saturated 3- to 8-membered, heteromonocydic giroup containing 1 to 4 nitrogen 
atoms, 

imsaturated bicydic 7- to 13-membered, heterocydic group containing 1 to 5 
nitrogen atoms, 

unsaturated 3- to 8-membered, heteromonocydic group containing 1 or 2 oxygen 
atoms and 1 to 3 nitrogen atoms, 

saturated 3- to 8-membered, heteromonocydic group containing 1 or 2 oxygen 
atoms and 1 to 3 nitrogen atoms, 

unsaturated bicydic 7- to 13-membered, heterocyclic group containing 1 to 2 
oxygen atoms and 1 to 3 nitrogen atoms, 

unsaturated 3- to 8-membered, heteromonocydic group containing 1 or 2 sulfur 
atoms and 1 to 3 nitrogen atoms, 

saturated 3- to 8-membered, heteromonocydic-group containing 1 or 2 sulfur 
atoms and 1 to 3 nitrogen atoms, 

imsaturated 3- to 8-membered, heteromonocydic group containing 1 or 2 sulfur 
atoms, 

unsaturated 3- to 8-membered, heteromonocydic group containing 1 or 2 oxygen 
atoms, 
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saturated 3- to S-membered, heteromonocydic group containing oxygpn atom, 
unsaturated bicydic 7- to 13-membered, hetenxydic group containing 1 or 2 
sulfur atoms and 1 to 3 nitrogen atoms, or 

unsaturated bicydic 7- to 13-membered, heterocydic group containing 1 or 2 
oxygien atoms. 

3, The compound of daim 2, v4ierein 

is halogen; nitro; lower sSkoocf ; Cg-Cio aiylosgr optionally substituted by at least 
one group sdected boat the group consisting of halogen, cyano, nitro, amino, 
acylamino, lower alkylamino, carbamoyl, h3^axy, lower alko^, Cg-Cio aijtoqr, 
lower alkyl, Cs-Cio aryl and heterocydic-ojgr, said heterocyclic group being 
unsaturated 5- or 6-membered, heteromonocydic group containing 1 to 4 
nitrog^ atoms; Cg-Cio aijithio; Cg-Cio aroyl; heterocyclic-oQ^, said heterocydic 
group being unsaturated 5- or 6-membered, heteromonocydic group containing 1 
to 4 nitrogen atoms; Cs-Cio aiyl optionally substituted by at least one group 
selected from the group consisting of halogen, cyano, nitro, amino, acylamino, 
lower alkylamino, carbamojd, hydroxy, lower alkojcy, C^-C^o aiyloxy, lower alkyl, 
Cg-Cio aryl and heterocydic-oxy, said heterocydic group being unsaturated 5- or 
6-membered, heteromonocydic group containing 1 to 4 nitrogen atoms; or 
heterocyclic group, said heterocyclic group being unsaturated 5- or 6-membered, 
heteromonocydic group containing 1 to 4 nitrogen atoms, \^ch is also optionally 
substituted by at least one group selected from the group consisting of halogen, 
cyano, nitro, amino, acylamino, lower alkylamino, carbamoyl, hydroxy, lower 
alkoxy, Cg-Cio aiyloxy, lower allq^l, Cg-Cio aryl and heterocycKc-ojq^, said 
heterocyclic group being unsaturated 5- or 6-membered, heteromonocyclic group 
containing 1 to 4 nitrogen atoms; 

K* and are independently hydrogpn, lower alkyl, or lower cydoalkyd, or R'* and R^ 
are COTibined together to form lower alkyiene, which is optionally interrupted by 
Gxygpa, sulfur, sulfinyl, sulfonyl, imino, Cg-Cio ar(lower)alkoxycarbonylimino, 
lower alkylsulfonylimino, Cg-Cjo aiylsulfonylimino, Cg-Cio aroylimino, 
mono(lower)alkylcarbamoyiimino, di(lowBr)alkylcarbamqylimino or lower 
cydoalkjdcarbonylimino, and 
X is Cfi-Cio aiyi or heterocyclic group, 
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said heterocyclic group being 

unsaturated 5- or 6-membered, heteromonocyclic group containing 1 to 4 
nitrogen atoms, unsaturated 5- or 6-menibered, hetseromonocydic group 
containing 1 or 2 sulfiir atoms, or unsaturated 5- or 6-membered, 
heteromonocydic group containing 1 or 2 oxygen atoms. 

4. Hie compotmd of daim 3, ^xdierein 

is halc^n; nitro; lower alkoxjr, phenooq^ or ns^dithyloxy, each of \^ch is 
optionally substituted by at least one group selected firm the group consisting of 
haiogea, cyano and lower alkyl; phenyltiiio; benzoly; pyridyloxy; phenyl optionally 
substituted by halogen; or pyridyl, 

and are independently hydrogen , lower alkyl, or lower cydoalkyl, or R* and R^ 
are combined together to form lower alkylene, vdiidi is optionally interrupted by 
Qxy^, sulfur, sulfinjd, sulfonyl, imino, phenji(lower)alkoxycarbonylimino, lower 
allQdsulfonylimino, phen;^sulfonylimino, benztqtonino, 
mono(lower)alk)dcarbamoylimino, di(lower)fidlqrlcaibanicQrlimino or lower 
cydoalkjdcarbonylimino, 

R^ is hydroxy, tetrahydropyranyloxy or phenyi(lower)alkoxy, and 
X is phenyl, pyridyl, thienyi ro ftuyL 

5, The compound of daim 4, wherein 

R^ is halogen; nitro; lower alkcxy; phenoxy, naphthyloxy, halophenoxy, 
cyanophenQ3Qr, lower alkylphenoxy, phenylthio; benzoyl; pyridyloxy; halophenyl; 
or pyridyl; 

R* and R^ are combined together to form a group of the formula sdected from the 
group consisting of the following formulas: 
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is hydroxy, and 
X is a group selected from the group consisting of 




6. A process for the preparation of the compound of claim 1 or salt thereof, 
which comprises, 

(1) removing the imino-protective group of a compound of the formula (I-l) 
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(CH2)m (CH2)„ 

N^^^Z-CONH-R^ 



(M) 



is halogen, nitro, lower alkoxy. optionally substituted aiyloxy, aiylthio, 
aroyl, heterocydic-axy, optionally substituted aiyl or optionafly substituted 
heterocyclic group; 
R2 is hydrogen or halogpii; 

is hydrogen or lower alkyl; 
R? is hydrcoqr or protected hydro^gr; 
X is aiyl or heterocyclic group; 

Y is carbonyl or sulfonyl; 

Z ' is lower alkylene; 
R^ is imino-protective group; and 

m and n are independently an inte^r of 1 to 5, provided that 2^m+n^6; 
or a salt thereof, to give a compound of fomiula (1-2): 

H 

(CH2)m (CH2)n 
X Y N Z-CONH-R^ 

r2 R^ (»-2) 
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v^erein each symbol is as defined above or a salt thereof; 
(2) reacting a compound of the formula (U): 



r2 



N 



Z-COOH 



(II) 



vfeerein and are independent^ hydrc^en, lower aDqrl, or lower cydoalkyl, or 
R* and R^ are combined together to form lower alkylene, which is optionally 
interrupted by oxygen, sulfur, sulfinyl, suMbnyl or optionalfy mono-substituted 
nitrogen, and other symbols are each as defined above, or its reactive derivative at 
the carbajy group , or a salt thereof, with a compound: 

HaN-Rf' 

wherein R®is as defined above, or its reactive derivative at the amino group, or a 
salt thereof to give the compound of the fomiula (I); 
(3) reacting a compound (m): 



HN 



X 



Z-CONH-R* 



(IH) 



wherein each symbol is as defined above, or a salt thereof with a compound 

R'-X(R=)-Y-L 

wherein L is a leaving group and olher symbols are each as defined above, or a salt 
thereof to give the compound of the formxila (I); 
(4) reacting a compound of the formula (1-2): 
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H 

(CH2)n, (CH2)n 
N Z-CONH-R® 



(1-2) 



v^eFdn eadi symbol is as defined above, or a salt thereof wLfh a compound: 

wherein each symbol is as defined above, or a salt thereof, to give a compound of 
diefiirmula(I-l): 



(CH2)n, (CH2)n 



N ^^^^^ Z-CONH-R^ 



(1-1) 



wherein each symbol is as defined above, or a salt thereof; 
(5) reacting a compoiand of the formula (IV): 



X 



N 



Z-R° 



(ISO 
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v^erein is a protected carboxy and other symbols are each as defined above, or 
a salt thereof, with a compoimd: 

H2N-OH 

or a salt thereof; to give a compound of the foraiula (1-3) : 



Y N Z-CONHOH 



\i^erein each symbol is as defined above, or a salt fhereof; or 

(6) eliminating the hydrajgr-protective group of a compound of the formula (1-4): 



N 




Z-CONH-R 



61 



R2 R3 

wherein R^^ is a protected hydroxy, and other symbols are each as defined above, 
or a salt thereof, to give a compound of the fonnula (1-3): 



r4 

N Z-CONHOH 



(1-3) 
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herein each symbol is as defined above, or a salt thereof. 

7. A phannaceutical composition ivhich comprises the compound of Claim 1 
or a phamiaceuticalty acceptable salt thereof and a pharmaceutically acceptable 
carrier or excipient 

8. Use of the compound of Claim 1 or a pharmaceutically acceptable salt 
thereof as a medicament 

9. Use of the compound of Claim 1 or a pharmaceutically acceptable salt 
thereof as an inhibitor of matrix metalloproteinases (MMF) or tumor necrosis factor 
a (TNFa). 

10. Use of the compound of Claim 1 or a pharmaceutically acceptable salt 
thereof for manu&cturing a medicament for treating and/ or preventing MMP* or 
TT<IF a -mediated diseases. 

11. A method for treating and/or preventing MMP- or TNF a -mediated 
diseases which comprises administering the compoimd of Claim 1 or a 
pharmaceutically acceptable salt thereof to a human being or an animal. 
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